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(54) Substrate separating apparatus and method, and substrate manufacturing method 



(57) This invention provides a bonded substrate 
stack separating apparatus. A bonded substrate stack 
(101) is sandwiched and supported from both sides by 
a pair of substrate supporting members (201 , 202) each 
having an annular shape. An enclosed space (210) is 
formed around a porous layer (101b) exposed to the 
edge of the bonded substrate stack (101). A fluid is in- 
jected into the enclosed space (210), and pressure is 
applied to the fluid. The pressure of the fluid substan- 
tially standing still is applied to the porous layer (101 b) 
to separate the bonded substrate stack (1 01 ) at the po- 
rous layer (101b). This invention also provides a sepa- 
rating method suitable to separate a bonded substrate 



stack. A bonded substrate stack (100) formed by bond- 
ing a first substrate (10) having a cavity-containing layer 
(e.g., a porous layer formed by anodizing) (2) on a main 
body substrate (1) and ; on the cavity-containing layer, 
a non-cavity-containing layer (e.g., a single-crystal Si 
layer and an insulating layer) (3) to a second substrate 
(20) is stored in a closed vessel, and pressure is applied. 
Cavity walls (2a, 2c) break due to the pressure differ- 
ence between the external pressure and the internal 
pressure in cavities (2b, 2d) in the cavity-containing lay- 
er (2). Break progresses into the cavity-containing layer 
(2), so the bonded substrate stack (100) is separated at 
the cavity-containing layer (2). 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001 ] The present invention relates to a sample sep- 
arating apparatus and method and a substrate manu- 
facturing method and, more particularly, to a separating 
method and apparatus for separating a sample having 
a separation layer at this separation layer, and a semi- 
conductor substrate manufacturing method using the 
separating method, and a separating method and appa- 
ratus for separating a sample having a cavity-containing 
layer with a number of cavities at the cavity-containing 
layer, and a substrate manufacturing method using the 
separating method. 

DESCRIPTION OF THE RELATED ART 

[0002] A substrate (SOI substrate) having an SOI (Sil- 
icon On Insulator) structure is known as a substrate hav- 
ing a single -crystal Si layer on an insulating layer. A de- 
vice using this SOI substrate has many advantages that 
cannot be achieved by ordinary Si substrates. Examples 
of the advantages are as follows. 

(1) The integration degree can be increased be- 
cause dielectric isolation is easy. 

(2) The radiation resistance can be increased. 

(3) The operating speed of the device can be in- 
creased because the stray capacitance is small. 

(4) No well step is necessary. 

(5) Latch-up can be prevented. 

(6) A completely depleted field-effect transistor can 
be formed by thin film formation. 

[0003] These are described in detail in "Special Issue: 
"Single-crystal silicon on non-single-crystal insulators"; 
edited by G.W. Cullen, Journal of Crystal Growth, vol- 
ume 63, No. 3, pp. 429 - 590 (1983)". 

[0004] According to many recent reports, a SOI sub- 
strate is effective to realize a high-speed and low-power- 
consumption MOSFET (IEEE SOI conference 1994). 
When an SOI structure is employed, the element isola- 
tion process can be simplified as compared to a struc- 
ture having an element formed on a bulk Si substrate 
because of the presence of the insulating layer under 
the element. Hence, the device process can be short- 
ened. More specifically, not only a device with higher 
performance but also reduction of overall cost including 
wafer cost and process cost is expected by employing 
the SOI substrate. 

[0005] Especially, an FD (Fully Depleted) MOSFET is 
expected to achieve high speed and low power con- 
sumption due to improved drivability. Generally, the 
threshold voltage (Vth) of a MOSFET is determined by 
the impurity concentration in the channel portion. How- 



ever, the threshold voltage of an FD MOSFET using a 
SOI substrate also depends on the thickness of the de- 
pletion layer. The thickness of the depletion layer is in- 
fluenced by the thickness of the SOI layer. Hence, to 
5 manufacture large-scale integrated circuits at a high 
yield, the thickness of an SOI layer must be uniformed. 
[0006] A device formed on a compound semiconduc- 
tor substrate has high performance (e.g. , operation 
speed or light emission properties) that cannot be ob- 
io tained by a device formed on a normal Si substrate. 
Conventionally, such a device is formed in a layer epi- 
taxially grown on a compound semiconductor substrate 
such as a GaAs substrate. A compound semiconductor 
substrate is expensive and poor in mechanical strength. 
is In addition, the area is difficult to increase. An epitaxial 
layer formed by this method is poor in crystallinity due 
to a difference in lattice constant or thermal expansion 
coefficient. For this reason, it is very hard to apply this 
layer to a device. To relax lattice mismatching, a method 
of epitaxially growing a compound semiconductor on 
porous Si has been examined. However, the stability 
and reliability of the substrate during or after device for- 
mation are low in this method because of the lowthermal 
stability and change-over-time in porous Si. An exami- 
nation has been made to heteroepitaxially grow a com- 
pound semiconductor on an inexpensive Si substrate 
which has a high mechanical strength and is easy to in- 
crease in its area. 

[0007] From 1970s, extensive studies have been 
made about formation of an SOI substrate. In the early 
days, a technique of heteroepitaxially growing single- 
crystal Si on a sapphire substrate as an insulator (SOS: 
Sapphire On Silicon), a technique of forming an SOI 
structure by dielectric isolation by oxidizing porous Si 
(FIPOS: Fully Isolation by Porous Oxidized Silicon), or 
oxygen ion implantation was mainly studied. 

[0008] In FIPOS, an island-shaped n-type Si layer is 
formed on the surface of a p-type single-crystal Si sub- 
strate by proton ion implantation (Imai et al. , J. Crystal 
Growth, vol. 63,547 (1 983)) or epitaxial growth and pat- 
terning. The resultant structure is anodized from its sur- 
face in an HF solution to form a porous structure in only 
the p-type substrate such that the porous structure sur- 
rounds the n-type Si island. After this, the n-type Si is- 
land is dielectric-isolated by accelerated oxidation. With 
this technique, the Si region to be isolated is determined 
before the device process. Hence, the degree of free- 
dom in device design must be limited. 

[0009] Oxidation ion implantation is reported by K. 
Izumi for the first time and also called SIMOX. In this 
technique, oxygen ions are implanted into an Si sub- 
strate at a dose of about 10 17 to 10 18 /cm 2 , and the re- 
sultant structure is annealed in an argon/oxygen atmos- 
phere at a high temperature of about 1 ,320°C. As a re- 
sult, oxygen ions implanted to a depth corresponding to 
the projection range (Rp) of ion implantation bond Si to 
form an Si oxide layer. Upon annealing, an Si layer at 
the upper portion of the Si oxide layer, which is convert- 
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ed into an amorphous layer by oxygen ion implantation, 
re-crystallizes to form a single-crystal Si layer. Defects 
contained in the Si layer on the surface are convention- 
ally as many as about 10 5 /cm 2 . When the oxygen im- 
plantation dose is about 4 x 10 17 /cm 2 , the number of 
defects can be reduced to 10 2 /cm 2 or less. However, 
since the range of implantation energy or implantation 
dose for maintaining the film quality of the Si oxide layer 
or the crystallinity of the surface Si layer high is narrow, 
the film thickness of the surface Si layer or buried Si 
oxide layer (BOX: Buried oxide) is limited to a specific 
value. To obtain a surface Si layer with a desired film 
thickness, sacrifice oxidation or epitaxial growth is nec- 
essary. In this case, since degradation due to the proc- 
ess is superposed on the film thickness distribution, the 
uniformity of film thickness degrades. 

[ 001 0 ] Reportedly, a BOX has a region called a "pipe" 
where an Si oxide layer formation failure is present. A 
probable cause for this is a foreign substance such as 
dust in implantation. The device characteristics degrade 
at a portion having a pipe due to leakage between the 
active layer and the support substrate. 

[ 0011 ] In ion implantation by SIMOX, since the ion im- 
plantation dose is larger than that used in the conven- 
tional semiconductor process, a long implantation time 
is still required even when a dedicated ion implantation 
apparatus is developed. Ions are implanted by raster- 
scanning an ion beam having a predetermined current 
value or increasing the ion beam size. For this reason, 
as the substrate to be formed becomes large, the im- 
plantation time is expected to become long. 
Additionally, as is pointed out, when a substrate with a 
large area is processed at a high temperature, a slip due 
to the temperature distribution in the substrate readily 
occurs. In SIMOX, as described above, a process at a 
temperature as high as 1 ,320°C is necessary, that is not 
used in the conventional Si semiconductor process. For 
this reason, a solution to this problem is essential as well 
as development of apparatuses. 

[ 0012 ] In recent years, a new SOI substrate manufac- 
turing method has been developed. In this method, a 
single-crystal Si substrate is bonded to another single- 
crystal Si substrate having a thermally oxidized surface 
by annealing or using an adhesive, thereby forming an 
SOI structure (bonding). For this method, the thickness 
of an active layer for forming a device must be uniformly 
reduced. More specifically, the thickness of a single- 
crystal Si substrate as thick as several hundred pm must 
be reduced to the pm order or less. To form a thin film, 
polishing, local plasma etching, or selective etching can 
be used. 

[ 0013 ] However, with thin film formation by polishing, 
a uniform thin film can hardly be formed. Particularly, a 
thin film with a thickness on the order of submicrons has 
variations of several ten %, and this non-uniformity pos- 
es a large problem. When the substrate size increases, 
this difficulty becomes more conspicuous. 

[ 0014 ] In thin film formation by local plasma etching, 



the thickness of a single-crystal Si substrate is reduced 
to about 1 to 3 pm by polishing, and then, the film thick- 
ness is measured at many points on the entire surface 
of the substrate, thereby measuring the film thickness 
5 distribution. After this, on the basis of the measured film 
thickness distribution, a plasma having a diameter of 
several mm and using SF 6 is scanned to etch the sub- 
strate while correcting the film thickness distribution 
whereby the thickness of the single-crystal Si substrate 
is reduced to a desired thickness. However, if a foreign 
substance (particle) is present on the substrate during 
plasma etching, this foreign substance may act as an 
etching mask to form a projection on the substrate. 
[ 0015 ] Immediately after plasma etching, the sub- 
strate surface is rough. To correct this, touch polishing 
is necessary. However, as pointed out, since the polish- 
ing amount is controlled by time management, the final 
film thickness is difficult to control, and the film thickness 
distribution degrades due to polishing. Additionally, 
since the abrasive such as colloidal silica directly rubs 
against the surface as a prospective active layer, a frac- 
ture layer may form or process distortion may occur up- 
on polishing. When the substrate has a large size, the 
plasma etching time increases accordingly, and the 
throughput may largely decrease. 

[ 0016 ] In thin film formation by selective etching, a 
structure allowing selective etching is formed in ad- 
vance in a substrate to be thinned, and an unnecessary 
portion of the single-crystal Si substrate is selectively 
etched using this structure. In this method, for example, 
a p-type Si thin film containing boron at a concentration 
of 10 19 /cm 3 or more and a p-type Si thin film are formed 
on a p-type substrate by epitaxial growth or the like to 
form a first substrate. The first substrate is bonded to a 
second substrate while sandwiching an insulating layer 
such as an oxide film therebetween. The lower surface 
of the first substrate is ground and polished to thin it in 
advance. After this, the thin p-type Si layer is selectively 
etched to expose the p-type Si layer. The p-type Si layer 
is also selectively etched to expose the p-type Si layer, 
thereby obtaining an SOI structure. This method is de- 
scribed in detail in the report by Maszara (W.P. Maszara, 
J. Electrochem. Soc., vol. 138, 341 (1991)). 

[ 0017 ] Thin film formation by selective etching is ef- 
fective to uniform thin film formation. However, the ob- 
tained selectivity ratio is insufficient; it is as low as about 
1 0 2 . In addition, since surface flatness after etching is 
not good, touch polishing must be performed after etch- 
ing. Touch polishing readily decreases the film thickness 
and makes the film thickness nonuniform. Particularly, 
polishing is managed in relation to the etching time, 
though the polishing amount is difficult to control be- 
cause of the large variation in polishing rate. This espe- 
cially poses a serious problem in forming an SOI layer 
as thin as 100 nm. 

[ 0018 ] In thin film formation using selective etching, 
epitaxial or heteroepitaxial growth is used to form an SOI 
layer on a p+-type Si layer prepared by ion implantation. 
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For this reason, the crystallinity of the SOI layer is poor. 
In addition, the surface flatness of the surface to be 
bonded to the second substrate is lower than that of a 
conventional Si substrate (O. Harendt, et al., J. Elect. 
Mater. Vol. 20, 267 (1991), H. Baumgart, et al., Extend- 
ed Abstract of ECS 1 st International Symposium of Wa- 
fer Bonding, p. 733 (1991), C.E. Hunt, Extended Ab- 
stract of ECS 1st International Symposium of Wafer 
Bonding, p. 696 (1991)). 

[ 001 9 ] The selectivity ratio of selective etching largely 
depends on the concentration difference between impu- 
rities such as boron and the steepness of the impurity 
distribution in the direction of depth. Hence, when high- 
temperature bonding annealing for increasing bonding 
strength or high-temperature epitaxial growth for im- 
proving crystallinity is executed, the distribution width of 
the impurity concentration in the direction of depth in- 
creases to lower the etching selectivity. That is, improve- 
ment of the selectivity ratio of etching and improvement 
of crystallinity and bonding strength can hardly be simul- 
taneously achieved. 

[ 0020 ] Recently, Yonehara et al. have reported an SOI 
substrate manufacturing method excellent in film thick- 
ness uniformity and crystallinity and capable of a batch 
process (T. Yonehara et al., Appln. Phys. Lett. vol. 64, 
2108 (1994)). In this method, a porous layer is formed 
on a single-crystal Si substrate, and a non-porous sin- 
gle-crystal Si layer is epitaxially grown on the porous 
layer. After this, this first substrate is bonded to a second 
substrate via an Si oxide layer. The first substrate is 
thinned by, e.g., grinding it from the lower surface side 
to expose the porous Si layer. The exposed porous Si 
layer is etched using a selective etchant such as KOH 
or a mixed solution of HF and H 2 0 2 and removed. The 
selectivity ratio of etching of porous Si to bulk Si (non- 
porous single-crystal Si) is sufficiently high (approxi- 
mately 10 5 ). 

[ 0021 ] Hence, an SOI substrate having a non-porous 
single-crystal Si layer on a second substrate can be 
formed without largely reducing the thickness of the 
non-porous single-crystal Si layer grown on the porous 
Si layer in advance. That is, the film thickness uniformity 
of the SOI layer is substantially determined in the epi- 
taxial growth process. For the epitaxial growth process, 
a CVD apparatus often used in the conventional semi- 
conductor process can be employed. According to the 
report by Sato et al. (SSDM95), the film thickness of an 
SOI layer formed by the above method achieves a uni- 
formity of 100nm±2%. The crystallinity of the SOI layer 
is also good and achieves 3.5 x 10 2 /cm 2 . 

[ 0022 ] In the conventional SOI substrate manufactur- 
ing method, the etching selectivity depends on the con- 
centration difference between impurities and the distri- 
bution of the impurity concentration in the direction of 
depth. For this reason, the temperature of a heat treat- 
ment (bonding, epitaxial growth, oxidation, or the like) 
that causes an increase in distribution width of an impu- 
rity in the direction of depth is limited to about 800°C or 



less. In the method reported by Yonehara et al. , the se- 
lectivity ratio of etching is determined by the structural 
difference between the porous Si layer and bulk Si. 
Hence, the limitation on the temperature of a heat treat- 
5 ment is small, and reportedly, a heat treatment at, e.g., 
about 1,180°C is possible. As is known, the heat treat- 
ment after the first and second substrates are bonded 
increases the bonding strength between the substrates 
and reduces the number of voids in the bonding inter- 
face or the size of a void. In selective etching using such 
structural difference, a foreign substance sticking to the 
porous Si layer has minimum influence on the film thick- 
ness uniformity of the finally formed SOI layer. 

[ 0023 ] An Si layer formed on a transparent substrate 
represented by a glass substrate is generally an amor- 
phous layer or a polycrystalline layer at the best. This is 
because the formed Si layer reflects the disorder of the 
crystal structure (amorphous) of the transparent sub- 
strate. When an Si layer is simply deposited on a trans- 
parent substrate, no satisfactory single-crystal Si layer 
can be obtained. The SOI substrate manufacturing 
method reported by Yonehara et al. is excellent in this 
point. That is, according to this method, a high-quality 
single-crystal Si layer can be formed on a transparent 
substrate. 

[ 0024 ] The transparent substrate is important in form- 
ing, e.g., a contact sensor as a light-receiving element 
or a projection-type liquid crystal image display device. 
To obtain higher-density, higher-resolution, and higher- 
precision pixels (picture elements) for a contact sensor 
or a projection-type liquid crystal image display device, 
a high-performance driving element is required. It is im- 
portant to form an element on the transparent substrate 
using a single-crystal layer having good crystallinity. 
When a substrate having a single-crystal layer on a 
transparent substrate is employed, a peripheral circuit 
for driving an element forming a pixel or a circuit for im- 
age processing can be formed on the same substrate 
as that of the element. This reduces the chip size and 
increases the processing speed. 

[ 0025 ] The SOI substrate manufacturing method re- 
ported by Yonehara et al. is very useful and applications 
thereof are also expected. However, this method has an 
economical problem because two substrates are nec- 
essary to form a semiconductor substrate by bonding 
them. As a solution to this problem, Sakaguchi et al. has 
proposed a method of reusing the first substrate (Japa- 
nese Patent Application NO. 7-045441 ). In this method, 
instead of grounding or etching to thin the lower surface 
of the first substrate to expose the porous Si layer after 
first and second substrates are bonded, a bonded sub- 
strate stack is formed by bonding first and second sub- 
strates. The bonded substrate stack is divided at the po- 
rous layer. After this, the porous Si layer remaining on 
the surface on the second substrate side is selectively 
removed to form an SOI substrate. 

[ 0026 ] To divide the bonded substrate stack at the po- 
rous layer, the following methods can be used. 
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(1) A tensile force or press force is applied to the 
entire surface of the bonded substrate stack in a di- 
rection perpendicular to the surface (in the axial di- 
rection). 

(2) The porous Si layer is exposed to the side sur- 5 
face portion of the bonded substrate stack and 
etched to some extent, and a razor's-edge-like 
member is inserted into the etched portion. 

(3) The porous Si layer is exposed to the side sur- 
face portion of the bonded substrate stack. After a io 
liquid such as water is allowed to soak into the po- 
rous Si layer, the bonded substrate stack is heated 

or cooled to divide the bonded substrate stack using 
expansion of the soaked liquid. 

(4) A force is applied to the first or second substrate is 
of the bonded substrate stack in the planar direc- 
tion. 



[ 0029 ] The above fact suggests that p-type Si having 
holes is converted into porous Si while n-type Si having 
no holes is not converted. The selectivity in this conver- 
sion has been reported by Nagano et at. and Imai ("Na- 
gano, Nakajima, Anno, Onaka, and Kajiwara, IEICE 
Technical Report, vol. 79, SSD79-9549 (1979)", "K. Im- 
ai, Solid-State Electronics, vol. 24, 159 (1981)"). Even 
n-type Si can be converted into porous Si by, e.g., irra- 
diating the n-type Si with light to generate holes. 

[ 0030 ] For the method wherein the first and second 
substrates are bonded to form a bonded substrate 
stack, and the bonded substrate stack is separated into 
two substrates at the porous layer to form an SOI sub- 
strate, a demand has arisen for another method capable 
of efficient separation. 

SUMMARY OF THE INVENTION 



[ 0027 ] The above division methods are based on the 
fact that the mechanical strength (the mechanical 
strength changes depending on the porosity) of the po- 
rous Si layer is much lower than that of bulk Si. More 
specifically, when a press, tensile, or shearing force is 
applied to the bonded substrate stack, the porous Si lay- 
er selectively breaks to divide the bonded substrate 
stack. At a high porosity, the porous layer can be broken 
at a weaker force to divide the bonded substrate stack. 
[ 0028 ] Porous Si was found in 1 956 by Uhlir et al. who 
were studying electropolishing of semiconductors (A. 
Uhlir, Bell Syst. Tech. J., vol. 35, 333 (1956)). Porous Si 
can be formed by anodizing an Si substrate in an HF 
solution. Unagami et al. studied the dissolution reaction 
of Si upon anodizing and reported that holes were nec- 
essary for anodizing reaction of Si in an HF solution, and 
the reaction was as follows (T. Unagami, J. Electro- 
chem. Soc., vol. 127, 476 (1980)). 

Si + 2HF + (2 - n)e -4 SiF 2 + 2H + + ne" 

SiF 2 + 2HF -> SiF 4 + H 2 

SiF 4 +2HF -» H 2 SiF 6 
or 

Si + 4HF + (4 - X)e -> SiF 4 + 4H + + Xe 
SiF 4 +2HF -> H 2 SiF 6 

where e+ and e - represent a hole and an electron, re- 
spectively, and n and Xare the number of holes neces- 
sary to dissolve one Si atom. According to them, when 
n > 2 or X > 4, porous Si is formed. 



[ 0031 ] The present invention has been made in con- 
20 sideration of the above situation, and has as its object 
to provide an apparatus and method suitable for sepa- 
rating a sample such as a bonded substrate stack. 
[ 0032 ] According to the first aspect of the present in- 
vention, there is provided a separating apparatus for 
25 separating a sample having a separation layer at the 
separation layer, characterized by comprising a pres- 
sure application mechanism for applying a pressure of 
a fluid substantially standing still at least part of the sep- 
aration layer to separate the sample at the separation 
30 layer. 

[ 0033 ] In the separating apparatus according to the 
first aspect of the present invention, preferably, the sep- 
aration layer, e.g., extends across in the sample and is 
exposed to an edge of the sample, and the pressure ap- 
35 plication mechanism, e.g., applies the pressure of the 
fluid to the separation layer from at least part of the edge 
of the sample. 

[ 0034 ] In the separating apparatus according to the 
first aspect of the present invention, for example, the 
40 pressure application mechanism preferably has an en- 
closed space forming member for surrounding at least 
part of a peripheral portion of the sample to form an en- 
closed space and applies a pressure higher than that of 
an external space to the enclosed space. 

45 [ 0035 ] In the separating apparatus according to the 

first aspect of the present invention, for example, the 
enclosed space forming member preferably has a struc- 
ture which allows the sample to expand near a central 
portion due to the pressure of the fluid injected into the 
so sample while breaking the separation layer. 

[ 0036 ] The separating apparatus according to the first 
aspect of the present invention preferably further com- 
prises a limiting member for limiting the expansion 
amount near the central portion of the sample. 

55 [ 0037 ] In the separating apparatus according to the 

first aspect of the present invention, preferably, the sam- 
ple has, e.g., a disk shape, and the enclosed space 
forming memberformsthe enclosed space, e.g., around 
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the entire peripheral portion ot the sample. 

[0038] In the separating apparatus according to the 
first aspect of the present invention, the enclosed space 
forming member preferably has, e.g., an annular shape. 
[0039] In the separating apparatus according to the 
first aspect of the present invention, preferably, the en- 
closed space forming member comprises, e.g., a pair of 
support members for sandwiching the peripheral portion 
of the sample from both sides and supporting the sam- 
ple, and the enclosed space is formed around the entire 
peripheral portion of the sample while the sample is sup- 
ported by the pair of support members. 

[0040] In the separating apparatus according to the 
first aspect of the present invention, each of the pair of 
support members preferably has, e.g., a sealing mem- 
ber along the edge of the sample. 

[0041] In the separating apparatus according to the 
first aspect of the present invention, preferably, the sam- 
ple has, e.g., adiskshape, and the sealing member has, 
e.g., an annular shape. 

[0042] In the separating apparatus according to the 
first aspect of the present invention, each of the pair of 
support members preferably has, e.g., an annular 
shape. 

[0043] In the separating apparatus according to the 
first aspect of the present invention, preferably, the pres- 
sure application mechanism comprises, e.g., a pair of 
support members for sandwiching the sample from both 
sides and supporting the sample, each of the support 
members having, e.g., a sealing member located along 
the edge of the sample to form an enclosed space 
around a peripheral portion of the sample, and the pres- 
sure application mechanism applies a pressure higher 
than that of an external space to the enclosed space. 
[0044] In the separating apparatus according to the 
first aspect of the present invention, each of the pair of 
support members preferably has, e.g., a structure for 
connecting a space formed inside the sealing member 
to the external space while supporting the sample. 
[0045] In the separating apparatus according to the 
first aspect of the present invention, preferably, each of 
the pair of support members comprises, e.g., a plate 
member for covering both the sides of the sample while 
supporting the sample, the plate member having a 
through hole. 

[0046] In the separating apparatus according to the 
first aspect of the present invention, the pressure appli- 
cation mechanism preferably has, e.g., an injection por- 
tion for injecting the fluid into the enclosed space. 
[0047] In the separating apparatus according to the 
first aspect of the present invention, the pressure appli- 
cation mechanism preferably has, e.g., a pressure ad- 
justment mechanism for adjusting the pressure to be ap- 
plied to the separation layer. 

[0048] In the separating apparatus according to the 
first aspect of the present invention, the pressure adjust- 
ment mechanism preferably gradually or stepwise re- 
duces the pressure to be applied to the separation layer 



to separate the sample. 

[0049] In the separating apparatus according to the 
first aspect of the present invention, for example, water 
is preferably used as the fluid. 

5 [0050] The separation layer is preferably, e.g., a layer 

having a fragile structure. The separation layer is pref- 
erably, e.g., a porous layer. The separation layer is pref- 
erably e.g., a layer having microcavities. The microcav- 
ities are preferably formed by, e.g., ion implantation. 
io [0051] The sample preferably has, at the edge, a 
groove having a substantially V-shaped section. 

[0052] According to the second aspect of the present 
invention, there is provided a separating method of sep- 
arating a sample having a separation layer at the sepa- 
ls ration layer, characterized by comprising the separation 
step of applying a pressure of a fluid substantially stand- 
ing still at least part of the separation layer to separate 
the sample at the separation layer. 

[0053] In the separating method according to the sec- 
20 ond aspect of the present invention, preferably, the sep- 
aration layer, e.g., extends across in the sample and is 
exposed to an edge of the sample, and the separation 
step comprises, e.g., applying the pressure of the fluid 
to the separation layer from at least part of the edge of 
25 the sample. 

[0054] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
preferably comprises, e.g., forming an enclosed space 
by su rrounding at least part of a peripheral portion of the 
30 sample, filling the enclosed space with the fluid, and ap- 
plying a pressure higher than that of an external space 
to the fluid. 

[0055] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
35 preferably comprises separating the sample, while al- 
lowing the sample to expand near a central portion due 
to the pressure of the fluid which is injected into the sam- 
ple and breaks the separation layer and limiting the ex- 
pansion amount. 

40 [0056] In the separating method according to the sec- 

ond aspect of the present invention, preferably, the sam- 
ple has, e.g., adiskshape, and the separation step com- 
prises, e.g., forming the enclosed space around the en- 
tire peripheral portion of the sample and applying the 
45 pressure higher than that of the external space to the 
enclosed space. 

[0057] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
preferably comprises, e.g., separating the sample while 
30 changing the pressure to be applied to the separation 
layer. 

[0058] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
preferably comprises, e.g., separating the sample while 
55 gradually or stepwise reducing the pressure to be ap- 
plied to the separation layer. 

[0059] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
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preferably comprises, e.g. ; separating the sample while 
changing the pressure to be applied to the fluid in the 
enclosed space. 

[ 0060 ] In the separating method according to the sec- 
ond aspect of the present invention, the separation step 
preferably comprises, e.g., separating the sample while 
gradually or stepwise reducing the pressure to be ap- 
plied to the fluid in the enclosed space. 

[ 0061 ] As the fluid, for example, water is preferably 
used. 

[ 0062 ] The separation layer is preferably e.g., a layer 
having a fragile structure. The separation layer is pref- 
erably, e.g., a porous layer. The separation layer is pref- 
erably a layer having microcavities. The microcavities 
are preferably formed by e.g., ion implantation. 

[ 0063 ] The sample preferably has, at the edge, a 
groove having a substantially V-shaped section. 

[ 0064 ] According to the third aspect of the present in- 
vention, there is provided a method of manufacturing a 
semiconductor substrate, characterized by comprising 
the first step of forming a first substrate having a sepa- 
ration layer and, on the separation layer, a semiconduc- 
tor layer to be transferred to onto a second substrate 
later, the second step of bonding the first substrate to 
the second substrate via the semiconductor layer to 
form a bonded substrate stack, and the third step of sep- 
arating the bonded substrate stack at the separation lay- 
er by the above separating method to transfer the -sem- 
iconductor layer from the first substrate to the second 
substrate. 

[ 0065 ] The separation layer is preferably, e.g., a po- 
rous layer. The porous layer preferably comprises a plu- 
rality of layers having different porosities. 

[ 0066 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 
vention, for example, the first step preferably comprises 
using an Si substrate as a material of the first substrate 
and anodizing the Si substrate to form the porous layer. 
[ 0067 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 
vention, the first step preferably comprises forming, as 
the semiconductor layer, e.g., a single-crystal Si layer 
on the porous layer by epitaxial growth. 

[ 0068 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 
vention, the first step preferably comprises further form- 
ing an insulating layer on the single-crystal Si layer. 
[ 0069 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 
vention, for example, the insulating layer is preferably 
formed by oxidizing a surface of the single-crystal Si lay- 
er. 

[ 0070 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 
vention, the second substrate is preferably, e.g., an Si 
substrate. 

[ 0071 ] In the semiconductor substrate manufacturing 
method according to the third aspect of the present in- 



vention, the second substrate is preferably, e.g., a trans- 
parent substrate. 

[ 0072 ] The separation layer is preferably e.g., a layer 
having microcavities. The microcavities are formed by, 
5 e.g., ion implantation. 

[ 0073 ] According to the fourth aspect of the present 
invention, there is provided a separating method of sep- 
arating a sample having a cavity-containing layer with a 
number of cavities at the cavity-containing layer, char- 
70 acterized by comprising the storing step of storing the 
sample in a closed vessel, and the separation step of 
setting an internal space of the closed vessel at a high 
pressure to break cavity walls in the cavity-containing 
layer and separate at least part of the sample at the cav- 
75 ity-containing layer. 

[ 0074 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
separation step preferably comprises applying a pres- 
sure into the closed vessel such that the cavity walls 
break due to a pressure difference between a pressure 
in the cavity walls and that in the closed vessel. 

[ 0075 ] The separating method according to the fourth 
aspect of the present invention preferably further com- 
prises, e.g., the final separation step of breaking the 
cavity-containing layer remaining after the separation 
step as an unseparated region to completely separate 
the sample. 

[ 0076 ] In the separating method according to the 
fourth aspect of the present invention, the final separa- 
tion step preferably comprises applying a vibration en- 
ergy to the sample to break the cavity-containing layer 
remaining after the separation step as the unseparated 
region. 

[ 0077 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step is preferably executed while the 
sample is being stored in the closed vessel. 

[ 0078 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises applying a 
press force to the sample to break the cavity-containing 
layer remaining after the separation step as the unsepa- 
rated region. 

[ 0079 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises applying a 
tensile force to the sample to break the cavity-containing 
layer remaining after the separation step as the unsepa- 
rated region. 

[ 0080 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises applying a 
force to the sample in a direction parallel to the cavity- 
containing layer to break the cavity-containing layer re- 
maining after the separation step as the unseparated 
region. 

[ 0081 ] In the separating method according to the 
fourth aspect of the present invention, for example, the 
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final separation step preferably comprises inserting a 
member into the cavity-containing layer to break the 
cavity-containing layer remaining after the separation 
step as the unseparated region. 

[0082] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises soaking the 
cavity-containing layer with a liquid and heating the liq- 
uid. 

[0083] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises soaking the 
cavity-containing layer with a liquid and cooling the liq- 
uid. 

[0084] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises soaking the 
cavity-containing layer with a substance of liquid condi- 
tion and expanding the volume of the substance. 
[0085] In the separating method according to the 
fourth aspect of the present invention, for example, the 
final separation step preferably comprises ejecting a 
stream of a fluid toward a gap in the sample, which is 
formed in the separation step, to break the cavity-con- 
taining layer remaining after the separation step as the 
unseparated region. 

[0086] In the separating method according to the 
fourth aspect of the present invention, for example, the 
cavity-containing layer is preferably a porous layer. 
[0087] In the separating method according to the 
fourth aspect of the present invention, for example, the 
cavity-containing layer is preferably a porous layer 
formed by anodizing. 

[0088] In the separating method according to the 
fourth aspect of the present invention, for example, the 
cavity-containing layer is preferably a microcavity layer 
having-bubble-like microcavities. 

[0089] In the separating method according to the 
fourth aspect of the present invention, for example, the 
cavity-containing layer is a microcavity layer having 
bubble-like microcavities formed by ion implantation. 
[0090] In the separating method according to the 
fourth aspect of the present invention, for example, the 
sample is preferably formed by bonding a first plate 
member having the cavity -containing layer to a second 
plate member. 

[0091] According to the fifth aspect of the present in- 
vention, there is provided a separating apparatus for 
separating a sample having a cavity-containing layer 
with a number of cavities at the cavity-containing layer, 
characterized by comprising a vessel for storing the 
sample, and an injection portion for injecting a high- 
pressure fluid into the vessel to break cavity walls in the 
cavity-containing layer with the pressure of the flu id and 
separate at least part of the sample at the cavity-con- 
taining layer. 

[0092] The separating apparatus according to the fifth 
aspect of the present invention preferably further com- 



prises, e.g., a vibration source for supplying a vibration 
energy into the vessel. 

[0093] According to the sixth aspect of the present in- 
vention, there is provided a method of manufacturing a 
5 substrate, characterized by comprising the step of form- 
ing a first substrate having a cavity-containing layer with 
a number of cavities and, on the cavity -containing layer, 
a non-cavity-containing layer, the bonding step of bond- 
ing the first substrate and an independently prepared 
second substrate via the non-cavity-containing layer to 
form a bonded substrate stack, the separation step of 
storing the bonded substrate stack in a closed vessel 
and setting an internal space of the closed vessel at a 
high pressure to break cavity walls in the cavity -contain- 
ing layer and separate at least part of the bonded sub- 
strate stack at the cavity-containing layer. 

[0094] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the separation step preferably comprises ap- 
plying a pressure into the closed vessel such that the 
cavity walls break due to a pressure difference between 
a pressure in the cavity walls and that in the closed ves- 
sel. 

[0095] The substrate manufacturing method accord- 
ing to the sixth aspect of the present invention preferably 
further comprises, e.g., the final separation step of 
breaking the cavity-containing layer remaining after the 
separation step as an unseparated region to completely 
separate the bonded substrate stack. 

[0096] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
applying a vibration energy to the bonded substrate 
stack to break the cavity -containing layer remaining af- 
ter the separation step as the unseparated region. 
[0097] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step is preferably execut- 
ed while the bonded substrate stack is being stored in 
the closed vessel. 

[0098] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
applying a press force to the bonded substrate stack to 
break the cavity-containing layer remaining after the 
separation step as the unseparated region. 

[0099] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
applying a tensile force to the bonded substrate stack 
to break the cavity -containing layer remaining after the 
separation step as the unseparated region. 

[0100] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
applying a force to the bonded substrate stack in a di- 
rection parallel to the cavity -containing layer to break 
the cavity-containing layer remaining after the separa- 
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tion step as the unseparated region. 

[ 0101 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
soaking the cavity-containing layer with a liquid and 
heating or cooling the liquid. 

[ 0102 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the final separation step preferably comprises 
ejecting a stream of a fluid toward a gap in the bonded 
substrate stack, which is formed in the separation step, 
to break the cavity-containing layer remaining after the 
separation step as the unseparated region. 

[ 0103 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the cavity-containing layer is preferably a po- 
rous layer. 

[ 0104 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the cavity-containing layer is a porous layer 
formed by anodizing. 

[ 0105 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the cavity-containing layer is preferably a mi- 
crocavity layer having bubble-like microcavities. 

[ 0106 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the cavity-containing layer is preferably a mi- 
crocavity layer having bubble-like microcavities formed 
by ion implantation. 

[ 0107 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the non-cavity-containing layer preferably in- 
cludes an Si layer. 

[ 0108 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the non-cavity-containing layer is preferably 
an Si layer having an insulating layer on a surface. 
[ 0109 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the insulating layer is preferably an Si oxide 
layer. 

[ 0110 ] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the Si layer is preferably a single-crystal Si layer. 
[ 0111 ] I n the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the non-cavity-containing layer is preferably a 
compound semiconductor layer. 

[ 0112 ] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the non-cavity-containing layer is preferably a 
compound semiconductor layer having an insulating 
layer on a surface. 

[ 01 13 ] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the non-cavity-containing layer is preferably a 
layer including a semiconductor element. 



[011 4] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the first substrate is preferably a single-crystal 
Si substrate. 

5 [ 0115 ] In the substrate manufacturing method accord- 

ing to the sixth aspect of the present invention, for ex- 
ample, the second substrate is preferably a single-crys- 
tal Si substrate. 

[011 6] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the second substrate is preferably a single-crys- 
tal Si substrate having an Si oxide layer on a surface. 
[ 0117 ] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the second substrate is preferably a transparent 
substrate. 

[011 8] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the second substrate is preferably a resin sub- 
strate. 

[011 9] In the substrate manufacturing method accord- 
ing to the sixth aspect of the present invention, for ex- 
ample, the second substrate is preferably a substrate 
as a main body of an 1C card. 

[ 0120 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the bonding step preferably comprises one of 
the anode bonding step, the pressing step, the heating 
step, and a combination thereof. 

[ 0121 ] The substrate manufacturing method accord- 
ing to the sixth aspect of the present invention preferably 
further comprises, e.g., the removing step of, after the 
bonded substrate stack is completely separated, remov- 
ing the cavity-containing layer remaining on the second 
substrate. 

[ 0122 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the removing step preferably comprises the 
etching step. 

[ 0123 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the removing step preferably comprises the 
polishing step. 

[ 0124 ] The substrate manufacturing method accord- 
ing to the sixth aspect of the present invention preferably 
further comprises, e.g., after the removing step, the 
planarization step of planarizing a surface of the non- 
cavity-containing layer on the second substrate. 

[ 0125 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the planarization step preferably comprises 
the polishing step. 

[ 0126 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the planarization step preferably comprises 
annealing in an atmosphere containing hydrogen. 
[ 0127 ] The substrate manufacturing method accord- 
ing to the sixth aspect of the present invention preferably 
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further comprises, e.g. : the step of, after the bonded 
substrate stack is completely separated, removing the 
cavity-containing layer remaining on the first substrate 
to allow reuse of the substrate. 

[ 0128 ] In the substrate manufacturing method ac- 
cording to the sixth aspect of the present invention, for 
example, the substrate is preferably obtained by forming 
a first substrate having a cavity-containing layer with a 
number of cavities and, on the cavity-containing layer, 
a non-cavity-containing layer, bonding the first substrate 
and an independently prepared second substrate via 
the non-cavity-containing layer to form a bonded sub- 
strate stack, storing the bonded substrate stack in a 
closed vessel and setting an internal space of the closed 
vessel at a high pressure to break cavity walls in the 
cavity-containing layer and separate at least part of the 
bonded substrate stack at the cavity-containing layer. 
[ 0129 ] Further objects, features and advantages of 
the present invention will become apparent from the fol- 
lowing detailed description of the embodiments of the 
present invention with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0130 ] 

Figs. 1A to IE are sectional views for explaining 
steps in manufacturing an SOI substrate according 
a preferred embodiment of the present invention; 
Fig. 2 is a view schematically showing the arrange- 
ment of a separating apparatus according to the first 
mode of the present invention; 

Fig. 3 is a sectional view showing the closed state 
of a separating apparatus according to the first em- 
bodiment of the first mode of the present invention; 
Fig. 4 is a plan view showing the opened state of 
the separating apparatus shown in Fig. 3; 

Fig. 5 is a sectional view showing the closed state 
of a separating apparatus according to the second 
embodiment of the first mode of the present inven- 
tion; 

Fig. 6 is a plan view showing the opened state of 
the separating apparatus shown in Fig. 5; 

Fig. 7 is a sectional view showing the closed state 
of a separating apparatus according tothe third em- 
bodiment of the first mode of the present invention; 
Fig. 8 is a sectional view showing the closed state 
of a separating apparatus according to the fourth 
embodiment of the first mode of the present inven- 
tion; 

Fig. 9 is a view schematically showing a process of 
separating a sample having a cavity-containing lay- 
er (porous layer) by pressure in the second mode 
of the present invention; 

Fig. 10 is a view schematically showing a process 
of separating a sample having a cavity-containing 
layer (porous layer) by pressure; 



Fig. 11 is a view schematically showing a process 
of separating a sample having a cavity-containing 
layer (porous layer) by pressure; 

Fig. 12 is a view schematically showing a process 
5 of separating a sample having a cavity-containing 

layer (microcavity layer) by pressure; 

Fig. 13 is a view schematically showing a process 
of separating a sample having a cavity-containing 
layer (microcavity layer) by pressure; 

Fig. 14 is a view schematically showing a process 
of separating a sample having a cavity-containing 
layer (microcavity layer) by a pressure; 

Fig. 1 5 is a view schematically showing the state of 
a sample in wh ich cavity walls in a cavity-containing 
layer are not completely broken; 

Fig. 1 6 is a view schematically showing the arrange- 
ment of a sample separating apparatus according 
to the second mode of the present invention; 

Fig. 17 is a view schematically showingthe arrange- 
ment of a separation apparatus suitable to execute 
the second separation processing; 

Fig. 18 is a view schematically showingthe arrange- 
ment of another separation apparatus suitable to 
execute the second separation processing; 

Figs. 1 9A to 1 9E are sectional views for explaining 
steps in manufacturing an SOI substrate according 
to a preferred embodiment of the present invention; 
and 

Fig. 20 is a view schematically showingthe arrange- 
ment of an 1C card. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

35 [ 0131 ] Preferred embodiments of the present inven- 

tion will be described below with reference to the accom- 
panying drawings. 

[First Mode] 

[ 01 32 ] Figs. 1 A to IE are sectional views for explain- 
ing steps in manufacturing an SOI substrate according 
a preferred embodiment of the present invention. 
[ 0133 ] In the step shown in Fig. 1A, a single-crystal 
Si substrate 11 is prepared, and a porous Si layer 12 is 
formed on the surface of the single-crystal Si substrate 
11 by, e.g., anodizing. The porous Si layer 12 may have 
a multilayered structure having layers with different po- 
rosities. For example, a first porous layer having a low 
porosity is formed on the upper surface side, and a sec- 
ond porous layer having a high porosity is formed under 
the first porous layer. The first porous layer is used to 
form a satisfactory non-porous single-crystal Si layer 
thereon in the next process, and the second porous lay- 
er can be used as a separation layer. 

[ 0134 ] In the step shown in Fig. IB, a porous single- 
crystal Si layer 13 is formed on the porous Si layer 12 
by epitaxial growth. An insulating layer (e.g., Si0 2 layer) 
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15 is formed on the porous single-crystal Si layer 13. 
With this process, a first substrate 10 is formed. 

[ 0135 ] In the step shown in Fig. 1C, a second sub- 
strate 20 is prepared and brought into tight contact with 
the first substrate 1 0 at room temperature while making 
the insulating layer 1 5 oppose the second substrate 20. 
After this, the first substrate 1 0 and second substrate 20 
are bonded by anode bonding, pressing, heating, or a 
combination thereof. The insulating layer 1 5 and second 
substrate 20 are firmly bonded. The insulating layer 15 
may be formed on the porous single-crystal Si layer 1 3, 
as described above. Alternatively, the insulating layer 
1 5 may be formed either on the second substrate 20 or 
on both the porous single-crystal Si layer 1 3 and second 
substrate 20 as far as the state shown in Fig. 1 C is ob- 
tained upon bringing the first and second substrates into 
tight contact with each other. 

[ 0136 ] In the step shown in Fig. 1 D, the two bonded 
substrates are separated at the porous Si layer 12. The 
second substrate side (10" + 20) has a multilayered 
structure of porous Si layer 127single-crystal Si layer 
1 3/insulating layer 1 5/single-crystal Si substrate 20. The 
first substrate side (10 1 ) has a structure wherein a po- 
rous Si layer 12' is formed on the single-crystal Si sub- 
strate 11. 

[ 0137 ] After the remaining porous Si layer 12' is re- 
moved, and the surface of the porous Si layer 12' is 
planarized as needed, the separated substrate (10') is 
used as a single-crystal Si substrate 11 for forming a 
first substrate 10 again. 

[ 01 38 ] After the bonded substrate stack is separated, 
in the step shown in Fig. 1 E, the porous layer 1 2" on the 
surface on the second substrate side (10" + 20) is se- 
lectively removed. With this process, a substrate having 
a multilayered structure of a porous single-crystal Si lay- 
er 13/insulating layer 15/single-crystal Si substrate 20, 
i.e., an SOI structure is obtained. 

[ 01 39 ] As the second substrate, for example, not only 
a single-crystal Si substrate but also an insulating sub- 
strate (e.g., silica substrate) or a transparent substrate 
(e.g., silica substrate) can be used. 

[ 0140 ] In this first mode, to facilitate the process of 
bonding two substrates and separating them, a porous 
Si layer 1 2 having a fragile structure is formed as a sep- 
aration layer. In place of the porous layer, for example, 
a microcavity layer having microcavities may be formed. 
The microcavity layer can be formed by, e.g., implanting 
ions into a semiconductor substrate. 

[ 0141 ] A separating apparatus suitable for the step 
shown in Fig. ID, i.e., the process of separating the 
bonded substrate stack will be described below. The 
separating apparatus to be described below can be ap- 
plied to separate not only the bonded substrate stack 
but also a sample (member) having a separation layer. 

[Principle of Separating Apparatus] 

[ 0142 ] The principle of a separating apparatus ac- 



cording to the first mode of the present invention will be 
described first. Fig. 2 is a view schematically showing 
the arrangement of a separating apparatus according to 
the first mode of the present invention. A bonded sub- 
5 strate stack 101 as a sample to be separated has a po- 
rous layer 101b as a separation layer. The bonded sub- 
strate stack 101 is separated into two substrates 101a 
and 1 01 c at the porous layer 101b. The separation layer 
need only be more fragile than the remaining portions. 
io The separation layer is not limited to the porous layer 
1 01 b, and instead, the above-described microcavity lay- 
er may be used. 

[ 0143 ] The porous layer 101b as the separation layer 
preferably extends across in the bonded substrate stack 
is 101 and is exposed to the edge of the bonded substrate 
stack 101, as shown in Fig. 2. 

[ 0144 ] The porous layer 101b corresponds to the po- 
rous layer 1 2 shown in Fig. 1 A. The substrate 101a cor- 
responds to the first substrate side (10 1 ) shown in Fig. 
20 i D. The substrate 1 01 c corresponds to the second sub- 
strate side (1 0" + 20) shown in Fig. 1 D. 

[ 0145 ] In this separating apparatus, a region including 
at least part (e.g., part of the side surface) of the porous 
layer 101b as the separation layer is closed by an en- 
25 closed space forming member 102. Using a fluid sub- 
stantially standing still, a pressure (e.g., a pressure suf- 
ficiently higher than the atmospheric pressure) is 
caused to act on the porous layer 101b exposed to an 
enclosed space 105 formed by the member 102. The 
30 enclosed space forming member 1 02 has sealing mem- 
bers 103 and 104. As the fluid to be supplied to the en- 
closed space 105, not only a liquid such as water but 
also a gas such as air can be used. An unclosed space 
106, i.e., the space that is not closed by the enclosed 
35 space forming member 102 is exposed to, e.g., the at- 
mospheric pressure. 

[ 0146 ] Separation of the bonded substrate stack 101 
progresses in the following way. First, the porous layer 
1 01 b at the portion exposed to the enclosed space 1 05 
40 breaks by the pressure of the fluid. As the fluid is injected 
into the broken portion, break of the porous layer 101 b 
progresses. When break of the porous layer 101b 
progresses and the fluid is sufficiently injected into the 
bonded substrate stack 101 , a separation force acts on 
45 the bonded substrate stack 101 to separate the sub- 
strates 101a and 101c due to the difference between 
the pressure of the fluid acting on the interior of the 
bonded substrate stack 101 and that (e.g., atmospheric 
pressure) in the unclosed space 106. Separation 
50 progresses with this separation force. 

[ 01 47 ] At the early stage of separation and, more par- 
ticularly, at the stage where the porous layer 101b out- 
side the sealing members 1 03 and 1 04 breaks, the sep- 
aration force acting on the bonded substrate stack 101 
55 is weak. Hence, the pressure of the fluid in the enclosed 
space 1 05 is preferably increased. After the early stage 
of separation, the separation force acting on the bonded 
substrate stack 101 gradually increases. Hence, the 
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pressure of the fluid is preferably gradually or stepwise 
reduced. 

[ 0148 ] When the separation force is excessively 
large, and the warp amounts of the substrates 101a and 
110c become large, the substrates 101a and 110c may 
be damaged. To prevent this, a limiting member for lim- 
iting the warp amount is preferably disposed. 

[ 0149 ] To facilitate start of separation of the bonded 
substrate stack 101 , for example, a groove having a V- 
shaped section is preferably formed in the side surface 
of the bonded substrate stack 101 . 

[ 0150 ] To efficiently separate the bonded substrate 
stack 101 , or facilitate formation of the enclosed space 

1 05, the enclosed space 1 05 is preferably formed to en- 
tirely close the side surface of the bonded substrate 
stack 101 . 

[ 0151 ] In the above description, the enclosed space 
1 05 is formed at the portion (to be referred to as a high- 
pressure applied portion hereinafter) where the pres- 
sure of the fluid acts on the porous layer 1 01 b ; and the 
remaining portion (to be referred to as a low-pressure 
applied portion hereinafter) is set in the unclosed space 

106. 

[ 0152 ] Conversely, the high-pressure applied portion 
may be set in the unclosed space, and the enclosed 
space may be formed at the low-pressure applied por- 
tion such that the high-pressure applied portion is ex- 
posed to, e.g., the atmospheric pressure, and the low- 
pressure applied portion is exposed to a pressure suffi- 
ciently lower than the atmospheric pressure. 

[ 0153 ] Alternatively, both the high-pressure applied 
portion and low-pressure applied portion may be set in 
the enclosed space. A relatively higher pressure is ap- 
plied to the high-pressure applied portion while a rela- 
tively lower pressure is applied to the low-pressure ap- 
plied portion. 

[ 0154 ] With the above method, the bonded substrate 
stack can be separated without damaging the sub- 
strates to be separated. 

[ 0155 ] A separating apparatus according to the first 
embodiment of the first mode of the present invention 
will be described below. 

[First Embodiment] 

[ 0156 ] Fig. 3 is a sectional view showing the closed 
state of a separating apparatus according to the first em- 
bodiment. Fig. 4 is a plan view showing the opened state 
of the separating apparatus shown in Fig. 3. The bonded 
substrate stack 101 is not illustrated in Fig. 4. 

[ 01 57 ] A separating apparatus 200 has a pair of sub- 
strate supporting members 201 and 202 coupled 
through a hinge portion 206. Each of the substrate sup- 
porting members 201 and 202 has an annular shape 
conforming to the side surface of the bonded substrate 
stack 101 . The substrate supporting members 201 and 
202 function as enclosed space forming members which 
close while sandwiching the bonded substrate stack and 



form an enclosed space 210 around the edge portion of 
the bonded substrate stack 101 where the porous layer 
101b is exposed. 

[ 0158 ] The substrate supporting members 201 and 
5 202 respectively have sealing members (e.g., O rings) 

203 and 204 for ensuring airtightness between the 
members 201 and 202 and the bonded substrate stack 
1 01 . The substrate supporting member 201 has a seal- 
ing member 205 for ensuring airtightness between the 
substrate supporting members 201 and 202. 

[ 0159 ] In the separating apparatus 200, while the 
bonded substrate stack 1 01 is sandwiched and support- 
ed by the substrate supporting members 201 and 202 
from both sides, the substrate supporting member 202 
is locked by a lock mechanism 207. 

[ 0160 ] The substrate supporting member 201 has an 
injection portion 208 for injecting a fluid into the en- 
closed space 210. The injection portion 208 is connect- 
ed to a pressure source 220 such as a pump. The en- 
closed space 21 0 is filled with the fluid (e.g., water) sup- 
plied from the pressure source 220. 

[ 0161 ] The substrate supporting member 201 and/or 
202 may have a deaeration port 211 for removing bub- 
bles generated upon injecting the fluid into the enclosed 
space 210, and a valve 212 for closing the deaeration 
port 21 1 when pressure is applied to the fluid in the en- 
closed space 210. 

[ 0162 ] The pressure source 220 applies pressure to 
the fluid with which the enclosed space 21 0 is filled. The 
pressure source 220 preferably has a mechanism for 
adjusting the pressure to be applied to the fluid. With 
this mechanism, the pressure to be applied to the fluid 
is preferably set to be high at the early stage of separa- 
tion of the bonded substrate stack 101 and then gradu- 
ally or stepwise reduced. For example, at the early stage 
of separation, the pressure is set at, e.g., 20 kg/cm 2 and 
then gradually reduced to, e.g., 1 kg/cm 2 at the final 
stage of separation. 

[ 0163 ] The processing procedure for separating the 
bonded substrate stack 101 by the separating appara- 
tus 200 will be described below. Separation processing 
is performed under, e.g., the atmospheric pressure. 
[ 0164 ] First, the substrate supporting member 202 is 
unlocked by the lock mechanism 207 and opened, as 
shown in Fig. 4. The bonded substrate stack 101 is 
placed on the substrate supporting member 201. As 
shown in Fig. 3, the substrate supporting member 202 
is closed and locked by the lock mechanism 207. In this 
state, the enclosed space 210 is formed around the 
edge portion of the bonded substrate stack 101 where 
the porous layer 101b is exposed. 

[ 0165 ] A fluid is injected into the enclosed space 210 
by the pressure source 220. Pressure is applied to the 
fluid in the enclosed space 210 by the pressure source 
220. The pressure of the fluid substantially standing still 
is applied to the porous layer 1 01 b exposed to the edge 
of the bonded substrate stack 101. 

[ 0166 ] Separation starts as the applied pressure 
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breaks the porous layer 101b exposed to the edge of 
the bonded substrate stack 1 01 . When the fluid is inject- 
ed into the broken portion, break of the porous layer 
101b progresses. As break of the porous layer 101b 
progresses, the fluid is sufficiently injected into the 
bonded substrate stack 101. At this time, due to the dif- 
ference between the pressure of the fluid acting on the 
interior of the bonded substrate stack 101 and that act- 
ing on the unclosed space (space other than the en- 
closed space), a separation force acts on the bonded 
substrate stack 101 to separate the substrates 101 a and 
101c. Separation progresses with this separation force. 
[ 0167 ] When separation is ended, the pressure 
source 220 is controlled to set the enclosed space 210 
at the atmospheric pressure. After this, the substrate 
supporting member 202 is unlocked by the lock mech- 
anism 207 and opened. The separated substrates 101a 
and 101c are extracted. 

[Second Embodiment] 

[ 0168 ] Fig. 5 is a sectional view showing the closed 
state of a separating apparatus according to the second 
embodiment. Fig. 6 is a plan view showing the opened 
state of the separating apparatus shown in Fig. 5. A 
bonded substrate stack 101 is not illustrated in Fig. 6. 
[ 01 69 ] A separating apparatus 300 allows the bonded 
substrate stack 101 to warp during separation process- 
ing while limiting the warp amount to prevent damage 
to the bonded substrate stack 101 . 

[ 0170 ] The separating apparatus 300 has a pair of 
substrate supporting members 301 and 302 coupled 
through a hinge portion 306. Each of the substrate sup- 
porting members 301 and 302 has a disk shape. A part 
near the central portion of each member functions as a 
limiting member for limiting the warp amount near the 
central portion of the bonded substrate stack 101. The 
warp amount of the bonded substrate stack 1 01 is pref- 
erably limited to, e.g., about 50 pm. 

[ 0171 ] The substrate supporting members 301 and 
302 function as enclosed space forming members which 
close while sandwiching the bonded substrate stack 101 
and form an enclosed space 310 around the edge por- 
tion of the bonded substrate stack 101 where a porous 
layer 101b is exposed. 

[ 0172 ] The substrate supporting members 301 and 

302 respectively have sealing members (e.g., O rings) 

303 and 304 for ensuring airtightness between the 
members 301 and 302 and the bonded substrate stack 
101 . The substrate supporting member 301 has a seal- 
ing member 305 for ensuring airtightness between the 
substrate supporting members 301 and 302. 

[ 0173 ] The substrate supporting members 301 and 
302 have through holes 301a and 302a, respectively, 
through which the spaces inside the bonded substrate 
stack 101 , i.e., inside the sealing members 303 and 304 
communicate with the external space. When the bonded 
substrate stack 101 expands as substrates 101a and 



101c warp, the holes 301a and 302a can prevent the 
pressures in the spaces inside the sealing members 303 
and 304 from increasing. 

[ 0174 ] In the separating apparatus 300, while the 
5 bonded substrate stack 101 is sandwiched and support- 
ed by the substrate supporting members 301 and 302 
from both sides, the substrate supporting member 302 
is locked by a lock mechanism 307. 

[ 0175 ] The substrate supporting member 301 has an 
injection portion 308 for injecting a fluid into the en- 
closed space 310. The injection portion 308 is connect- 
ed to a pressure source 220 such as a pump. The en- 
closed space 310 is filled with the fluid (e.g., water) sup- 
plied from the pressure source 220. 

[ 0176 ] The substrate supporting member 301 and/or 
302 may have a deaeration port 311 for removing bub- 
bles generated upon injecting the fluid into the enclosed 
space 310, and a valve 312 for closing the deaeration 
port 31 1 when pressure is applied to the fluid in the en- 
closed space 310. 

[ 0177 ] The pressure source 220 applies pressure to 
the fluid with which the enclosed space 31 0 is filled. The 
pressure source 220 preferably has a mechanism for 
adjusting the pressure to be applied to the fluid. With 
this mechanism, the pressure to be applied to the fluid 
is preferably set to be high at the early stage of separa- 
tion of the bonded substrate stack 101 and then gradu- 
ally or stepwise reduced. For example, at the early stage 
of separation, the pressure is set at, e.g., 20 kg/cm and 
then gradually reduced to, e.g., 1 kg/cm 2 at the final 
stage of separation. 

[ 0178 ] The processing procedure for separating the 
bonded substrate stack 101 by the separating appara- 
tus 300 will be described below. Separation processing 
is performed under, e.g., the atmospheric pressure. 
[ 0179 ] First, the substrate supporting member 302 is 
unlocked by the lock mechanism 307 and opened, as 
shown in Fig. 6. The bonded substrate stack 101 is 
placed on the substrate supporting member 301. As 
shown in Fig. 5, the substrate supporting member 302 
is closed and locked by the lock mechanism 307. In this 
state, the enclosed space 310 is formed around the 
edge portion of the bonded substrate stack 101 where 
the porous layer 101b is exposed. 

[ 0180 ] A fluid is injected into the enclosed space 31 0 
by the pressure source 220. Pressure is applied to the 
fluid in the enclosed space 31 0 by the pressure source 
220. The pressure of the fluid substantially standing still 
is applied to the porous layer 1 01 b exposed to the edge 
of the bonded substrate stack 101 . 

[ 0181 ] Separation starts as the applied pressure 
breaks the porous layer 101b exposed to the edge of 
the bonded substrate stack 101. When the fluid is inject- 
ed into the broken portion, break of the porous layer 
101b progresses. As break of the porous layer 101b 
progresses, the fluid is sufficiently injected into the 
bonded substrate stack 101. At this time, due to the dif- 
ference between the pressure of the fluid acting on the 
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interior of the bonded substrate stack 101 and that act- 
ing on the unclosed space (space other than the en- 
closed space), a separation force acts on the bonded 
substrate stack 1 01 to separate the substrates 101a and 
101c. The substrates 101a and 101c warp due to this 
separation force. The warp amount is limited by the in- 
side surfaces of the substrate supporting members 301 
and 302, which function as limiting members for limiting 
the warp amount of the bonded substrate stack 101. 
[ 0182 ] When separation is ended, the pressure 
source 220 is controlled to set the enclosed space 31 0 
at the atmospheric pressure. After this, the substrate 
supporting member 302 is unlocked by the lock mech- 
anism 307 and opened. The separated substrates 101a 
and 101c are extracted. 

[Third Embodiment] 

[ 0183 ] In this embodiment, the warp amount is limited 
by pressing a bonded substrate stack 101 by a press 
mechanism from both sides. Fig. 7 is a sectional view 
showing the arrangement of a separating apparatus ac- 
cording to the third embodiment. A separating appara- 
tus 400 of the third embodiment has a separating appa- 
ratus 200 shown in Figs. 3 and 4 and press mechanisms 
410 and 420. 

[ 01 84 ] The press mechanisms 41 0 and 420 have lim- 
iting members 401 and 402 for limiting the warp amount 
of the bonded substrate stack 101 during separation 
processing, respectively. Each of the limiting members 
401 and 402 has, e.g., a disk shape. The limiting mem- 
bers 401 and 402 are driven by air cylinders 405 and 
406, respectively. The driving forces (press forces) gen- 
erated by the air cylinders 405 and 406 are preferably 
gradually or stepwise increased as separation of the 
bonded substrate stack 101 progresses. Assume that 
the pressure to be applied to an enclosed space 21 0 in 
separation processing is 20 kgf/cm 2 . At the early stage 
of separation, the bonded substrate stack 101 is not 
pressed. In accordance with progress of separation, the 
press force is gradually increased. At the final stage of 
separation, the press force is preferably 19 kgf/cm 2 . 
[ 0185 ] The processing procedure for separating the 
bonded substrate stack 101 by the separating appara- 
tus 400 will be described below. Separation processing 
is performed under, e.g., the atmospheric pressure. 
[ 0186 ] First, a substrate supporting member 202 is 
unlocked by a lock mechanism 207 and opened, as 
shown in Fig. 4. The bonded substrate stack 101 is 
placed on a substrate supporting member 201. As 
shown in Fig. 3, the substrate supporting member 202 
is closed and locked by the lock mechanism 207. In this 
state, the enclosed space 21 0 is formed around the side 
surface portion of the bonded substrate stack 1 01 where 
a porous layer 1 01 b is exposed. 

[ 0187 ] The air cylinders 405 and 406 retract pistons 
403 and 404, respectively, to separate the limiting mem- 
bers 401 and 402 from each other. The separating ap- 



paratus 200 is set between the limiting members 401 
and 402. The air cylinders 405 and 406 extend the pis- 
tons 403 and 404 to bring the limiting members 401 and 
402 into contact with the bonded substrate stack 101, 
5 respectively. In this state, the separating apparatus 200 
is supported by the limiting member 402 positioned on 
the lower side of the apparatus. 

[ 0188 ] A fluid is injected into the enclosed space 21 0 
by a pressure source 220. Pressure isappliedtothefluid 
io in the enclosed space 210 by the pressure source 220. 
The pressure of the fluid substantially standing still is 
applied to the porous layer 101b exposed to the edge 
of the bonded substrate stack 101 . 

[ 0189 ] Separation starts as the applied pressure 
is breaks the porous layer 101b exposed to the edge of 
the bonded substrate stack 101. When the fluid is inject- 
ed into the broken portion, break of the porous layer 
101b progresses. As break of the porous layer 101b 
progresses, the fluid is sufficiently injected into the 
20 bonded substrate stack 101 . At this time, due to the dif- 
ference between the pressure of the fluid acting on the 
interior of the bonded substrate stack 101 and that act- 
ing on the unclosed space (space other than the en- 
closed space), a separation force acts on the bonded 
25 substrate stack 101 to separate substrates 101a and 
101c. The substrates 101a and 101c warp due to this 
separation force. The warp amount is limited by the 
press forces of the limiting members 401 and 402. 
[ 0190 ] When separation is ended, the pressure 
30 source 220 is controlled to set the enclosed space 210 
at the atmospheric pressure. The air cylinders 405 and 
406 retract the pistons 403 and 404 to separate the lim- 
iting members 401 and 402 from each other, respective- 
ly. Next, the substrate supporting member 202 is un- 
35 locked by the lock mechanism 207 and opened. The 
separated substrates 101a and 101c are extracted. 

[Fourth Embodiment] 

40 [ 01 91 ] The fourth embodiment is related to a separat- 

ing apparatus capable of batch separation of a plurality 
of bonded substrate stacks 101. Fig. 8 is a sectional 
view showing the arrangement of the separating appa- 
ratus according to the fourth embodiment. 

45 [ 0192 ] In a separating apparatus 500, a plurality of 

bonded substrate stacks 101 are supported by a first 
substrate supporting member 501 , one or a plurality of 
second substrate supporting members 502, a third sub- 
strate supporting member 503, and a fourth substrate 
50 supporting member 504. The substrate support com- 
prising the first to fourth substrate supporting members 
501 to 504 are pressed by press mechanisms 511 and 
512 from both sides. 

[ 0193 ] Each of the first to fourth substrate supporting 
55 members 501 to 504 has an annular shape conforming 
to the side surface of the bonded substrate stack 101. 
The first substrate supporting member 501 has an an- 
nularsealing member 501 afor ensuring airtightness be- 
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tween the member 501 and the bonded substrate stack 
101 . The first substrate supporting member 501 consti- 
tutes one end of the substrate support formed from the 
first to fourth substrate supporting members 501 to 504. 
Each second substrate supporting member 502 has, on 
both sides, annular sealing members 502b and 502c for 
ensuring airtightness between the member 502 and the 
bonded substrate stack 1 01 . The second substrate sup- 
porting member 502 also has, on the outer peripheral 
side, a sealing member 502a for ensuring airtightness 
between the member 502 and another substrate sup- 
porting member. Thethird substrate supporting member 
503 has, on both sides, annular sealing members 503b 
and 503c lor ensuring airtightness between the member 
503 and the bonded substrate stack 101 . The third sub- 
strate supporting member 503 also has, on the outer pe- 
ripheral side, a sealing member 503a for ensuring air- 
tightness between the member 503 and another sub- 
strate supporting member. The fou rth substrate support- 
ing member 504 has, on one side, an annular sealing 
member 504b for ensuring airtightness between the 
member 504 and the bonded substrate stack 101. The 
fourth substrate supporting member 504 also has, on 
the outer peripheral side, a sealing member 504a for en- 
suring airtightness between the member 504 and anoth- 
er substrate supporting member. The fourth substrate 
supporting member 504 constitutes the other end of the 
substrate support formed from the first to fourth sub- 
strate supporting members 501 to 504. 

[ 0194 ] The third substrate supporting member 503 
has an injection portion 505 for injecting a fluid into an 
enclosed space 550 formed, by the first to fourth sub- 
strate supporting members 501 to 504, around the edge 
portion of each bonded substrate stack 101 where a po- 
rous layer 1 01 b is exposed. The third substrate support- 
ing member 503 has a hole 503d through which the en- 
closed spaces formed on both sides of the member 503 
spatially communicate with each other. The second sub- 
strate supporting member 502 also has a hole 502d 
through which the enclosed spaces formed on both 
sides of the member 502 spatially communicate with 
each other. With this arrangement, the enclosed space 
550 formed by the first to fourth substrate supporting 
members 501 to 504 is spatially connected to the injec- 
tion portion 505. 

[ 0195 ] The second and third substrate supporting 
members 502 and 503 have vent holes 502e and 503e 
for connecting each space sandwiched by two bonded 
substrate stacks 101 to the external space, respectively. 
[ 0196 ] The injection portion 505 is connected to a 
pressure source (not shown) such as a pump. The en- 
closed space 550 is filled with the fluid (e.g., water) sup- 
plied from the pressure source. The pressure source 
preferably has a mechanism for adjusting the pressure 
to be applied to the fluid. With this mechanism, the pres- 
sure to be applied to the fluid is preferably set to be high 
at the early stage of separation of the bonded substrate 
stack 101 and then gradually or stepwise reduced. For 



example, at the early stage of separation, the pressure 
is set at, e.g., 20 kg/cm 2 and then gradually reduced to, 
e.g., 1 kg/cm 2 at the final stage of separation. 

[ 0197 ] In the separating apparatus 500, the number 
5 of bonded substrate stacks 101 to be processed can be 
changed by changing the number of second substrate 
supporting members 502. For example, when one sec- 
ond substrate supporting member 502, one first sub- 
strate supporting member 501 , one third substrate sup- 
porting member 503, and one fourth substrate support- 
ing member 504 are used, three bonded substrate 
stacks 101 can be simultaneously processed. When 
one first substrate supporting member 501, one third 
substrate supporting member 503, and one fourth sub- 
strate supporting member 504 are used without using 
any second substrate supporting member 502, two 
bonded substrate stacks 101 can be simultaneously 
processed. 

[ 0198 ] The press mechanisms 511 and 512 corre- 
spond to the lock mechanism in the first to third embod- 
iments. More specifically, when the substrate support 
formed from the first to fourth substrate supporting 
members 501 to 504 sandwiching and supporting a plu- 
rality of bonded substrate stacks 101 is pressed by the 
press mechanisms 511 and 512 from both sides, the 
substrate support can be fixed. The press mechanisms 
511 and 512 have vent holes 511a and 512a for con- 
necting the spaces inside the bonded substrate stacks 
101 to the external space. 

[ 0199 ] The processing procedure for separating the 
bonded substrate stacks 101 by the separating appara- 
tus 500 will be described below. Separation processing 
is performed under, e.g., the atmospheric pressure. 
[ 0200 ] The first to fourth substrate supporting mem- 
bers 501 to 504 are prepared. The first, second, third, 
and fourth substrate supporting members are stacked 
in this order, and the bonded substrate stacks 101 are 
set between the substrate supporting members. As de- 
scribed above, when only two bonded substrate stacks 
101 are to be simultaneously processed, the second 
substrate supporting members 502 can be omitted. 
[ 0201 ] The substrate support formed from the first to 
fourth substrate supporting members 501 to 504 is 
pressed and held by the press mechanisms 511 and 51 2 
from both sides. The enclosed space 550 is formed 
around the edge portion of each bonded substrate stack 
101 where the porous layer 101b is exposed. 

[ 0202 ] A fluid is injected into the enclosed space 550 
by the pressure source (not shown) connected to the 
injection portion 505. Pressure is applied to the fluid in 
the enclosed space 550 by the pressure source. The 
pressure of the fluid substantially standing still is applied 
to the porous layer 101b exposed to the edge of each 
bonded substrate stack 101. 

[ 0203 ] Separation starts as the applied pressure 
breaks the porous layer 101b exposed to the side sur- 
face portion of each bonded substrate stack 101. When 
the fluid is injected into the broken portion, break of the 
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porous layer 101b progresses. As break of the porous 
layer 101b progresses, the fluid is sufficiently injected 
into each bonded substrate stack 1 01 . At this time, due 
to the difference between the pressure of the fluid acting 
on the interior of the bonded substrate stack 101 and 
that acting on the unclosed space (space other than the 
enclosed space), a separation force acts on each bond- 
ed substrate stack 101 to separate substrates 101a and 
101c. Separation progresses with this separation force. 
[ 0204 ] When separation is ended, the pressure 
source is controlled to set the enclosed space 550 at the 
atmospheric pressure. After this, pressing by the press 
mechanisms 511 and 512 is canceled. The first to fourth 
substrate supporting members 501 to504are deassem- 
bled. The separated substrates 101a and 101c are ex- 
tracted. 

[Application Examples of Separating Apparatus] 

[ 0205 ] Application examples of the separating appa- 
ratuses according to the first to fourth embodiments will 
be described below. 

[Application Example 1] 

[ 0206 ] A p- or n-type first single-crystal Si substrate 
(11 in Fig. 1A) having a resistivity of 0.01 (Q-cm) was 
anodized in an HF solution to form a porous Si layer (12 
in Fig. 1 A) on the su rface of the substrate. The anodizing 
conditions were as follows. 

Current density: 7 (mA-cnr 2 ) 

Anodizing solution: HF: H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 11 (min) 

Thickness of porous Si layer: 12 (jurri) 

[ 0207 ] The porous Si layer was used as a layer on 
which a high-quality epitaxial Si layer is to be formed, 
and as a separation layer after the substrate was bond- 
ed to the second substrate. That is, in this application 
example, the porous Si layer was used for the two pur- 
poses. 

[ 0208 ] The thickness of the porous Si layer is not lim- 
ited to the above example and is preferably, e.g., several 
hundred to 0.1 pm. 

[ 0209 ] The substrate was oxidized in an oxygen at- 
mosphere at, e.g., 400°C for 1 hr. Upon this oxidation, 
the inner walls of pores in the porous Si layer were cov- 
ered with thermal oxide films. 

[ 0210 ] The surface of the porous Si layer of this sub- 
strate was processed with an HF solution to remove only 
the oxide film on the surface of the porous Si layer while 
leaving the oxide films on the inner walls of the pores. 
After this, a 0.3-jLtm thick single-crystal Si layer (13 in 
Fig. 1 B) was epitaxially grown on the porous Si layer by 
CVD (Chemical Vapor Deposition). The growth condi- 
tions were as follows. 

Source gas: SiH 2 CI 2 /H 2 
Gas flow rate: 0.5/180 (l/min) 

Gas pressure: 80 (Torr) 



Temperature: 950 (°C) 

Growth rate: 0.3 ^m/min) 

[ 0211 ] A 200-nm thick oxide film (Si0 2 layer) as an 
insulating layer (15 in Fig. 1 B) was formed on the sur- 
5 face of the epitaxial layer by thermal oxidation. 

[ 0212 ] The surface of the Si0 2 layer was overlaid on 
the surface of an independently prepared second Si 
substrate (20 in Fig. 1 C). After the substrates came into 
contact with each other, the substrates were bonded by 
annealing at, e.g., 1 ,100°C for 1 hr. 

[ 0213 ] The bonded substrate stack formed by the 
above process was separated at the porous Si layer us- 
ing one of the separating apparatuses of the first to 
fourth embodiments. An example will be described. The 
pressure to be applied to the porous Si layer of the bond- 
ed substrate stack is preferably set at, e.g., 20 kg/cm 2 
at the early stage of separation and then gradually re- 
duced to, e.g., 1 kg/cm 2 at the final stage of separation. 
[ 0214 ] With this separation, the Si0 2 layer, epitaxial 
Si layer, and part of the porous Si layer, which were 
formed on the surface of the first substrate, were trans- 
ferred to the second substrate side. Only the porous Si 
layer remained on the surface of the first substrate. 
[ 0215 ] The porous Si layer transferred onto the sec- 
ond substrate was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the under- 
lying single-crystal Si layer functioned as an etching 
stopper. The overlying porous Si layer was selectively 
etched and completely removed. 

[ 0216 ] The etching rate of non-porous single-crystal 
Si by the etchant is very low, and the selectivity ratio 
between the porous Si layer and the non-porous Si layer 
reaches 10 5 or more. The etching amount (about sev- 
eral ten angstrom) of the non-porous Si layer can be ne- 
glected in practical use. 

[ 021 7 ] With the above process, an SOI substrate hav- 
ing a 0.2-pm thick single-crystal Si layer on the Si0 2 lay- 
er could be formed. 

[ 0218 ] When the surface of the resultant SOI sub- 
strate was observed with an atomic force microscope 
(AFM) for any microscopic structure, smoothness at the 
atomic level was obtained. The single-crystal Si layer 
stayed the same even after selective etching of the po- 
rous Si layer. The film thickness of the single-crystal Si 
layer of this SOI substrate was measured at 100 points 
on the entire surface. The film thickness uniformity was 
201 nm + 4 nm. Section observation with a transmission 
electron microscope showed no new crystal defects in 
the single-crystal Si layer, indicating that satisfactory 
crystallinity was maintained. The resultant structure was 
annealed in a hydrogen atmosphere at 1 , 1 00°C for 1 hr, 
and the surface roughness was evaluated with an atom- 
ic force microscope. The mean square roughness in a 
50-|um square area was approximately 0.2 nm. This 
nearly equals that of a commercially available Si wafer. 
[ 0219 ] The same result as described above can be 
obtained even when the oxide film is formed not on the 
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surface of the epitaxial layer but on the surface of the 
second substrate, or on both surfaces. 

[ 0220 ] The porous Si layer left on the first substrate 
side is selectively etched using, e.g., a mixed solution 
of 40% hydrofluoric acid and 30% hydrogen peroxide. 
After this, a surface treatment such as hydrogen anneal- 
ing or surface polishing is performed. With this process, 
the substrate can be reused as the first or second sub- 
strate. 

[Application Example 2] 

[ 0221 ] A p- or n-type first single-crystal Si substrate 
(11 in Fig. 1A) having a resistivity of 0.01 p-cm) was 
anodized in two steps in an HF solution to form two po- 
rous Si layers (12 in Fig. 1A). The anodizing conditions 
were as follows. 

First step 

Current density: 7 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1 : 

1:1 

Time: 10 (min) 

Thickness of porous Si layer: 12 (|um) 

Second step 

Current density: 20 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1 : 

1 : 1 

Time: 2 (min) 

Thickness of porous Si layer: 3 (pm) 

[ 0222 ] Of the two porous Si layers, the porous Si layer 
as a surface layer formed by anodizing of the first step 
at the low current density can be used as a layer on 
which a high-quality epitaxial layer is to be formed. The 
underlying porous Si layer formed by anodizing of the 
second step at the high current density can be used as 
a separation layer. The thickness of the porous Si layer 
formed at the low current density is not limited to the 
above example and is preferably, e.g., several hundred 
to 0. 1 pm. The porous Si layer formed at the high current 
density is not limited to the above example, either, and 
various thicknesses can be employed. A third or more 
porous Si layers may be formed after formation of the 
second porous Si layer. 

[ 0223 ] The substrate was oxidized in an oxygen at- 
mosphere at, e.g., 400°C for 1 hr. Upon this oxidation, 
the inner walls of pores in the porous Si layer were cov- 
ered with thermal oxide films. 

[ 0224 ] The surface of the porous Si layer of this sub- 
strate was processed with an HF solution to remove only 
the oxide film on the surface of the porous Si layer while 
leaving the oxide films on the inner walls of the pores. 
After this, a0.3-pm thick single-crystal Si layer was epi- 
taxially grown on the porous Si layer by CVD (Chemical 
Vapor Deposition). The growth conditions were as fol- 
lows. 

Source gas: SiH 2 CI 2 /H 2 



Gas flow rate: 0.5/180 (l/min) 

Gas pressure: 80 (Torr) 

Temperature: 950 (°C) 

Growth rate: 0.3 (pm/m in) 

s [ 0225 ] A 200-nm thick oxide film (Si0 2 layer) as an 
insulating layer (15 in Fig. 1 B) was formed on the sur- 
face of the epitaxial layer by thermal oxidation. 

[ 0226 ] The surface of the Si0 2 layer was overlaid on 
the surface of an independently prepared second Si 
io substrate (20 in Fig. 1 C). After the substrates came into 
contact with each other, the substrates were bonded by 
annealing at, e.g., 1 ,180°C for 5 min. 

[ 0227 ] The bonded substrate stack formed by the 
above process was separated at the porous Si layer us- 
15 ing one of the separating apparatuses of the first to 
fourth embodiments. An example will be described. The 
pressure to be applied to the porous Si layer of the bond- 
ed substrate stack is preferably set at, e.g., 20 kg/cm 2 
at the early stage of separation and then gradually re- 
duced to, e.g., 1 kg/cm 2 at the final stage of separation. 
[ 0228 ] With this separation, the Si0 2 layer, epitaxial 
Si layer, and part of the porous Si layer, which were 
formed on the surface of the first substrate, were trans- 
ferred to the second substrate side. Only the porous Si 
layer remained on the surface of the first substrate. 
[ 0229 ] The porous Si layer transferred onto the sec- 
ond substrate was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the single- 
crystal Si layer functioned as an etching stopper. The 
overlying porous Si layer was selectively etched and 
completely removed. 

[ 0230 ] The etching rate of non-porous single-crystal 
Si by the etchant is very low, and the selectivity ratio 
between the porous Si layer and the non-porous Si layer 
reaches 10 5 or more. The etching amount (about sev- 
eral ten angstrom) of the non-porous Si layer can be ne- 
glected in practical use. 

[0231 ] With the above process, an SOI substrate hav- 
ing a 0.2-|um thick single-crystal Si layer on the Si0 2 lay- 
er could be formed. 

[ 0232 ] When the surface of the resultant SOI sub- 
strate was observed with an atomic force microscope 
(AFM) for any microscopic structure, smoothness at the 
atomic level was obtained. The single-crystal Si layer 
stayed the same even after selective etching of the po- 
rous Si layer. The film thickness of the single-crystal Si 
layer of this SOI substrate was measured at 100 points 
on the entire surface. The film thickness uniformity was 
201 nm ± 4 nm. Section observation with a transmission 
electron microscope revealed no new crystal defects in 
the single-crystal Si layer, indicating that satisfactory 
crystallinity was maintained. The resultant structure was 
annealed in a hydrogen atmosphere at 1 , 1 00°C for 1 hr, 
and the surface roughness was evaluated with an atom- 
ic force microscope. The mean square roughness in a 
50-|um square area was approximately 0.2 nm. This 
nearly equals that of a commercially available Si wafer. 



20 



25 



30 



35 



40 



45 



50 



55 



17 




33 



EP 0 989 593 A2 



34 



[ 0233 ] The same result as described above can be 
obtained even when the oxide film is formed not on the 
surface of the epitaxial layer but on the surface of the 
second substrate, or on both surfaces. 

[ 0234 ] The porous Si layer left on the surface of the s 
first substrate is selectively etched using, e.g., a mixed 
solution of 40% hydrofluoric acid and 30% hydrogen 
peroxide. After this, a surface treatment such as hydro- 
gen annealing or surface polishing is performed. With 
this process, the substrate can be reused as the first or io 
second substrate. 

[Application Example 3] 

[ 0235 ] A 200-nm thick oxide (Si0 2 ) layer as an insu- is 
lating layer was formed on the surface of the first single- 
crystal Si substrate by thermal oxidation. 

[ 0236 ] Under a condition for setting the projection 
range in the Si substrate, ions were implanted from the 
surface into the first substrate. A layer functioning as a 20 
separation layer was formed at the depth of projection 
range as a microcavity layer or a distortion layer due to 
the heavily-doped ion-species-implanted layer. 

[ 0237 ] The surface of the Si0 2 layer was overlaid on 
the surface of an independently prepared second Si 25 
substrate. After the substrates came into contact with 
each other, the substrates were bonded by annealing 
at, e.g. , 600°C for 1 0 hrs. When the substrates are proc- 
essed by N 2 plasma processing before bonding, the 
bonding strength can be increased. 30 

[ 0238 ] The bonded substrate stack formed by the 
above process was separated at the porous Si layer us- 
ing one of the separating apparatuses of the first to 
fourth embodiments. An example will be described. The 
pressure to be applied to the porous Si layer of the bond- 35 
ed substrate stack is preferably set at, e.g., 20 kg/cm 2 
at the early stage of separation and then gradually re- 
duced to, e.g., 1 kg/cm 2 at the final stage of separation. 
[ 0239 ] With this separation, the Si0 2 layer, underlying 
single-crystal layer, and part of the separation layer, 40 
which were formed on the surface of the first substrate, 
were transferred to the second substrate side. The re- 
maining portion of the separation layer remained on the 
surface of the first substrate. 

[ 0240 ] The separation layer transferred to the second 45 
substrate side was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the single- 
crystal Si layer functioned as an etching stopper. The 
overlying separation layer was selectively etched and so 
completely removed. When the remaining separation 
layer is sufficiently thin, this etching process may be 
omitted. The remaining separation layer may be re- 
moved by CMP (Chemical Mechanical Polishing). 

[ 0241 ] With the above process, an SOI substrate hav- S5 
inga0.2-|um thick single-crystal Si layer on the Si0 2 lay- 
er could be formed. 

[ 0242 ] The film thickness of the single-crystal Si layer 



of this SOI substrate was measured at 100 points on the 
entire surface. The film thickness uniformity was 201 nm 
± 4 nm. Section observation with a transmission elec- 
tron microscope showed no new crystal defects in the 
single-crystal Si layer, indicating that satisfactory crys- 
tallinity was maintained. The resultant structure was an- 
nealed in a hydrogen atmosphere at 1,100°C for 1 hr, 
and the surface roughness was evaluated with an atom- 
ic force microscope. The mean square roughness in a 
50-|um square area was approximately 0.2 nm. This 
nearly equals that of a commercially available Si wafer. 
[ 0243 ] The same result as described above can be 
obtained even when the oxide film is formed not on the 
surface of the epitaxial layer but on the surface of the 
second substrate, or on both surfaces. 

[ 0244 ] The separation layer left on the first substrate 
side can also be removed by CMP. After this, a surface 
treatment such as hydrogen annealing or surface pol- 
ishing is performed. With this process, the substrate can 
be reused as the first or second substrate. 

[ 0245 ] In this application example, the separation lay- 
er was formed by implanting ions into the lower layer of 
the surface region of the single-crystal Si wafer, the wa- 
fer was bonded to the second substrate, and the two 
substrates were separated at the separation layer, 
thereby transferring the surface region of the single- 
crystal Si wafer to the second substrate. An epitaxial wa- 
fer may be used as the first substrate, and the epitaxial 
layer may be transferred to the second substrate in the 
same way as described above. 

[ 0246 ] The above application example may be modi- 
fied as follows. After the separation layer is formed by 
implanting ions into the first substrate, the Si0 2 layer on 
the surface is removed. An epitaxial layer is formed on 
the surface, and an Si0 2 layer is further formed on the 
epitaxial layer. After the substrate is bonded to the sec- 
ond substrate, the two substrates are be separated at 
the separation layer. In this case, the epitaxial layer 
formed on the first substrate and the actual surface re- 
gion underneath the epitaxial layer are transferred to the 
second substrate. 

[Application Example 4] 

[ 0247 ] An SOI substrate can be manufactured follow- 
ing the same procedures as in the second application 
example using a transparent substrate (e.g., silica sub- 
strate) as the second substrate. In this case, the process 
is preferably changed as follows. 

1 ) Before the first and second substrates are bond- 
ed, N 2 plasma processing is performed. 

2) The time of annealing at 400°C is changed from 
1 hr to about 100 hrs. 

3) The temperature of annealing (surface planari- 
zation for the SOI layer) in the hydrogen atmos- 
phere is changed to 1 ,000°C or less (e.g., at 970°C 
for 4 hrs). 
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[ 0248 ] When a transparent substrate formed from an 
insulating material is used as the second substrate, the 
oxide film (insulating layer) on the surface of the epitax- 
ial layer or on the surface of the second substrate in the 
first to third application examples is not always neces- 
sary. However, the oxide film (insulating layer) is prefer- 
ably formed to minimize the influence of an impurity that 
may stick to the interface by separating, from the bond- 
ing interface, the epitaxial layer on which an element 
such as a transistor is to be formed later. 

[ 0249 ] According to the present invention, an appara- 
tus and method suitable to separate a sample (member) 
such as a bonded substrate stack can be provided. 

[Second Mode] 

[ 0250 ] Figs. 9 to 11 are views schematically showing 
a sample (member) separating method according to the 
second mode of the present invention. A sample 1100 
to be separated has a cavity-containing layer (porous 
layer) 2 having a fragile structure. An example wherein 
the cavity-containing layer 2 has cavity walls (walls par- 
titioning cavities) substantially perpendicularto the sam- 
ple surface, as shown in Fig. 9, will be described. The 
cavity-containing layer 2 is formed by, e.g. ; anodizing a 
single-crystal Si substrate in an HF solution. 

[ 0251 ] The sample separating method of the second 
mode is suitable for separating, at the cavity-containing 
layer 2, a sample (bonded substrate stack) formed by 
bonding a first substrate 1 0 having the cavity-containing 
layer 2 on a main body substrate 1 and a non-cavity- 
containing layer 3 on the cavity-containing layer 2 and 
a second substrate 20 via the non-cavity-containing lay- 
er 3. With this separation processing, the non-cavity- 
containing layer 3 on the surface of the first substrate 
1 0 can be transferred to the surface of the second sub- 
strate 20. 

[ 0252 ] As the non-cavity-containing layer 3, for exam- 
ple, 1) a single-crystal Si layer, 2) a polysilicon layer, 3) 
an amorphous Si layer, 4) a metal film, 5) a compound 
semiconductor film, 6) a superconducting thin film, 7) a 
layer containing a semiconductor element (e.g., a tran- 
sistor, a light-emitting element, or a solar cell), or 8) a 
layer with a multilayered structure having an insulating 
layer (e.g., Si0 2 layer) on one of the above layers is pref- 
erably used. As the second substrate 20, for example, 
1 ) a single-crystal Si substrate, 2) a substrate having an 
insulating layer (e.g., Si0 2 layer) on a single-crystal Si 
substrate, 3) a transparent substrate (e.g., silica sub- 
strate), 4) a sapphire substrate, 5) a substrate formed 
from an insulating material, or 6) a resin substrate (e.g., 
a card having an 1C to form an 1C card) is preferably 
used. 

[ 0253 ] In the second mode, the sample 1100 is set in 
a high-pressure environment to generate a pressure dif- 
ference between the interior and exterior of a cavity in 
the cavity-containing layer 2. The cavity walls (cavity- 
containing layer 2) break due to the pressure difference 



to separate the sample 1100 into two parts. 

[ 0254 ] The medium (fluid) for applying pressure tothe 
sample may be either a liquid such as water or a gas 
such as air. Not only the pressure of the fluid but also a 
5 mechanical force may be applied to the cavity-contain- 
ing layer 2. To apply a mechanical force to the cavity- 
containing layer 2, a knife- or wedge-like inserting mem- 
ber is preferably inserted into the cavity-containing layer 
2 . 

[ 0255 ] The pressure of the fluid is preferably applied 
to the entire sample 1 1 00. This makes it possible to ef- 
ficiently apply the breaking force to the cavity-containing 
layer 2. To do this, preferably, the entire sample 1 1 00 is 
accommodated in a closed vessel and the pressure is 
applied into the closed vessel. In this case, the pressure 
of the fluid isotropically acts on various portions of the 
sample 1100. Referring to Figs. 9 to 11, arrows sche- 
matically indicate the pressure applied to the sample 
1100 . 

[ 0256 ] Fig. 9 is a view schematically showing the early 
stage of sample separation processing using pressure. 
At this stage, the pressure difference between the ex- 
ternal pressure and the internal pressure of cavities 2b 
and 2d inside cavity walls 2a and 2c acts on the cavity 
walls 2a and 2c exposed to the end portions of the cav- 
ity-containing layer 2 in the sample 1100, so the cavity 
walls 2a and 2c break. When the cavity walls 2a and 2c 
break, the cavities 2b and 2d communicate with the ex- 
ternal space. For this reason, the external pressure acts 
on the spaces of the cavities 2b and 2d. The pressure 
difference between the external pressure and the inter- 
nal pressure of cavities 2f and 2h inside cavity walls 2e 
and 2g acts on the cavity walls 2e and 2g, so the cavity 
walls 2e and 2g break. Fig. 10 schematically shows a 
state wherein the cavity walls 2a, 2c, 2e, and 2g have 
broken. 

[ 0257 ] When processing progresses, finally, the cav- 
ity walls at the central portion of the cavity-containing 
layer 2 break, as shown in Fig. 11. However, all cavity 
walls in the cavity-containing layer 2 may not always 
break. Some cavity walls may remain intact because no 
force is inflicted upon them. Fig. 1 5 schematically shows 
a sample in which the cavity walls in the cavity-contain- 
ing layer 2 have not completely broken. Fig. 1 5 is a sec- 
tional view of the cavity-containing layer 2 of the sample 
1100 in the planar direction. Referring to Fig. 15, refer- 
ence numeral 1101 denotes a cavity wall that has not 
broken. 

[ 0258 ] To break all cavity walls in the cavity-contain- 
ing layer 2, after separation processing using the pres- 
sure (first separation processing), the second separa- 
tion processing is applied. Most cavity walls have bro- 
ken by the separating method using pressure, and the 
cavity-containing layer 2 has a more fragile structure. 
For this reason, in the second separation processing, 
the sample 1 1 00 can be completely separated by apply- 
ing a weak force to the sample 1 1 00. 

[ 0259 ] For example, the following techniques can be 
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used for the second separation processing. 

(1) A vibration energy such as an ultrasonic wave 
is applied to the sample. 

(2) A tensile force or a press force is applied to the 
sample in a direction perpendicular to the surface 
(axial direction). 

(3) A separating member (e.g., a knife-like member) 
is inserted into the cavity-containing layer 2. 

(4) After the cavity-containing layer 2 is soaked with 
a liquid substance such as water, the bonded sub- 
strate stack is heated or cooled to increase the vol- 
ume of the substance. 

(5) A force is applied to the first substrate 1 0 or sec- 
ond substrate 20 in the planar direction. 

(6) A jet of fluid is ejected toward the cavity-contain- 
ing layer 2 (e.g., the water jet method). 

[ 0260 ] Figs. 12 to 14 are views schematically showing 
a method of separating a sample having a cavity-con- 
taining layer with another structure. In the example 
shown in Figs. 12 to 14, the cavity-containing layer 2 
has a number of bubble-like cavities. This cavity-con- 
taining layer 2 is formed by implanting ions of at least 
one element selected from, e.g., a rare gas, hydrogen, 
and nitrogen into a single-crystal Si substrate and then 
annealing the single-crystal Si substrate as needed. The 
resultant cavities are also called microcavities. The lay- 
er having microcavities is also called a microcavity layer. 
[ 0261 ] As the sample 1100 shown in Figs. 12 to 15, a 
sample (bonded substrate stack) formed by bonding the 
first substrate 10 and second substrate 20 is preferably 
used. In this case, the first substrate 10 has the cavity- 
containing layer (microcavity layer) 2 underthe non-cav- 
ity-containing layer 3, which is formed by implanting ions 
of at least one element selected from, e.g., a rare gas, 
hydrogen, and nitrogen into the main body substrate 1 
such as a single-crystal Si substrate and then annealing 
the main body substrate 1 as needed. 

[ 0262 ] The non-cavity-containing layer 3 preferably 
comprises, e.g., 1) a single-crystal Si layer, 2) a polysil- 
icon layer, 3) an amorphous Si layer, 4) a metal film, 5) 
a compound semiconductor film, 6) a superconducting 
thin film, 7) a layer containing a semiconductor element 
(e.g., a transistor, a light-emitting element, or a solar 
cell), or 8) a layer with a multilayered structure having 
an insulating layer (e.g., Si0 2 layer) on one of the above 
layers. As the second substrate 20, for example, 1) a 
single-crystal Si substrate, 2) a substrate having an in- 
sulating layer (e.g., Si0 2 layer) on a single-crystal Si 
substrate, 3) a transparent substrate (e.g., silica sub- 
strate), 4) a substrate formed from an insulating mate- 
rial, or 5) a resin substrate (e.g., a card having an 1C to 
form an 1C card) is preferably used. 

[ 0263 ] The sample 1100 shown in Figs. 12 to 15 can 
also be separated by separation processing using a 
pressure and the second separation processing, which 
are described above with reference to Figs. 9 to 11 . 



[ 0264 ] Fig. 12 is a view schematically showing the 
early stage of sample separation processing using pres- 
sure. At this stage, the pressure difference between the 
external pressure and the pressure inside cavity walls 
5 (in cavities) acts on the cavity walls exposed to the end 
portions of the cavity -containing layer 2 in the sample 
1100, so the cavity walls break. When the cavity walls 
break, cavities partitioned by the cavity walls communi- 
cate with the external space. As cavity walls inside break 
further, break of the cavity-containing layer 2 progress- 
es. Fig. 1 3 shows the middle stage of sample separation 
processing using a pressure. 

[ 0265 ] The above processing progresses, and finally, 
the cavity walls at the central portion of the cavity-con- 
taining layer 2 break, as shown in Fig. 14. In the example 
shown in Figs. 11 to 14 as well, all cavity walls in the 
cavity-containing layer 2 may not always break. As 
shown in Fig. 15, some cavity walls may remain intact 
because no force acts on them. In this case, the sample 
1 1 00 can be completely separated using the above-de- 
scribed second separation processing. 

[ 0266 ] Fig. 1 6 is a view schematically showing the ar- 
rangement of a sample separating apparatus according 
to the second mode of the present invention. A separat- 
ing apparatus 1200 is used to perform the above-de- 
scribed first separation processing, i.e. , sample separa- 
tion processing using pressure. 

[ 0267 ] This separating apparatus 1200 has a closed 
vessel 1 201 for storing the sample 1 1 00 and forming an 
enclosed space 1210, andaclosing lid 1202. The closed 
vessel 1 201 and closing lid 1 202 are coupled through a 
hinge portion 1 203 such that the closing lid 1 202 can be 
closed/opened. The separating apparatus 1200 also 
has a lock mechanism 1204 for locking the closing lid 
1 202 that is closed. The separating apparatus 1 200 also 
has a sealing member 1205 for sealing the closed ves- 
sel 1201 and closing lid 1202. 

[ 0268 ] The separating apparatus 1200 has an injec- 
tion port 1207 for supplying a fluid into the enclosed 
space 1210. The injection port 1207 is connected to a 
pump 1 209 through a valve 1 208. The separating appa- 
ratus 1 200 also has a discharge port 1 21 1 for discharg- 
ing the fluid in the closed vessel 1201. The discharge 
port 1211 is connected to a discharge control valve 
1212. 

[ 0269 ] The closed vessel 1201 has sample support- 
ing members 1 206 for supporting a plurality of samples 
1100. Instead of preparing the sample supporting mem- 
bers 1206, for example, samples stored in a cassette 
(e.g., a wafer cassette) may be stored in the closed ves- 
sel 1201 and subjected to separation processing. 
[ 0270 ] The separating apparatus 1 200 preferably has 
a vibration source 1250 for applying a vibration energy 
such as an ultrasonic wave to the samples 1100. With 
this vibration source 1 250, cavity walls that have not bro- 
ken by separation processing using pressure (first sep- 
aration processing) can be broken to completely sepa- 
rate the sample 1100 (second separation processing). 
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[ 0271 ] Separation processing using the separating 
apparatus 1200 will be described below. First, the clos- 
ing lid 1 202 is opened, and the samples 1 1 00 to be proc- 
essed are set in the closed vessel 1201 by, e g., a con- 
veyor robot. The samples 1100 are supported upright 
by the sample supporting members 1 206. As described 
above, a cassette storing one or a plurality of samples 
may be stored in the closed vessel 1201 . 

[ 0272 ] The closing lid 1202 is closed and locked by 
the lock mechanism 1204. The pump 1209 is actuated, 
and the valve 1208 is opened to inject a fluid into the 
enclosed space 1210. The internal pressure of the en- 
closed space 1210 is set at a predetermined pressure 
(start of the first separation processing). As the fluid, a 
gas such as air or a liquid such as water can be used. 
As the fluid, an etching gas or etchant capable of selec- 
tively etching the cavity-containing layer may be used. 
In this case, separation processing can be efficiently 
performed, and the number of cavity walls that may re- 
main after separation can be decreased. 

[ 0273 ] In this state, processing waits for, e.g., a pre- 
determined time. Each sample 11 00 is completely sep- 
arated at the cavity-containing layer, or most cavity walls 
break. Next, the pump 1209 is stopped, and the valve 
1 208 is closed. The valve 1 21 2 is opened to discharge 
the fluid in the enclosed space 1210 through the dis- 
charge port 1211, thereby returning the pressure in the 
enclosed space 1 21 0 to the atmospheric pressure (end 
of the first separation processing). When a fluid that ad- 
versely affects the natural environment is used, the fluid 
discharged through the discharge port 1211 is recov- 
ered and appropriately processed. 

[ 0274 ] The vibration source 1250 is driven to apply a 
vibration energy to the samples 1100 in the closed ves- 
sel 1201. With this process, unbroken cavity walls 
break, and the sample 1100 is completely separated 
(second separation processing). The second separation 
processing may be executed parallel to the first separa- 
tion processing. Alternatively, the samples 1 1 00 may be 
transferred to another apparatus to execute the second 
separation processing by another apparatus. 

[ 0275 ] The closing lid 1202 is unlocked by the lock 
mechanism 1 204 and opened. When a liquid is used as 
the fluid, the fluid in the enclosed space 1210 is dis- 
charged by opening the valve 1212, as needed. The 
processed samples 1100 are extracted from the en- 
closed space 1210 by, e.g., a conveyor robot. When 
separation processing is to be continued by another 
separating apparatus (e.g., a separating apparatus 
shown in Fig. 1 7 or 1 8) instead of the second separation 
processing using a vibration energy or in addition to the 
second separation processing, the extracted samples 
1100 are transferred to another separating apparatus. 
[ 0276 ] The separating apparatus 1200 shown in Fig. 
16 batch-processes three samples 1100. The number 
of samples 1100 to be batch-processed is not limited to 
three. 

[ 0277 ] According to the separating apparatus 1200, 



since the pressure difference is caused to selectively act 
on the cavity walls using the fact that the cavities in the 
cavity-containing layer are enclosed spaces, only the 
cavity walls can be selectively broken to separate the 
5 sample. Portions other than the cavity walls, i.e., the 
substrate main body 1, non-porous layer 3, and second 
substrate 20 do not break because the force based on 
the pressure difference rarely acts on these portions. 
Hence, the separating apparatus 1 200 can separate the 
sample 1100 without damaging the portions other than 
the cavity-containing layer. According to the separating 
apparatus 1200, when the sample 1100 is formed by 
bonding the first and second substrates, no force capa- 
ble of breaking the bond between the substrate acts on 
the bonding interface. For this reason, this apparatus is 
also suitable for separating a sample with a weak bond 
at the cavity-containing layer. Since this separating ap- 
paratus 1200 can batch-process a number of bonded 
substrate stacks, processing is efficient and a high 
throughput can be obtained. 

[ 0278 ] Fig. 17 is a view schematically showing the ar- 
rangement of separation processing suitable to execute 
the second separation processing. A separating appa- 
ratus 1 300 applies a tensile force or a press force to the 
sample 1100 in a direction (axial direction) perpendicu- 
lar to the planar direction, or applies a force in the planar 
direction to completely separate the sample 1100. The 
separating apparatus 1300 has a pair of separation 
force application portions 1310 and 1320. The separa- 
tion force application portions 1310 and 1320 have 
chuck mechanisms (e.g., vacuum chuck mechanisms 
or electrostatic chuck mechanisms) 1311 and 1321 for 
chucking the sample 1 1 00, respectively. When the sam- 
ple 1100 is to be separated by application of a press 
force, the chuck mechanisms 1311 and 1321 can be 
omitted. 

[ 0279 ] Fig. 1 8 is a view schematically showing the ar- 
rangement of another separation processing suitable to 
execute the second separation processing. A separat- 
ing apparatus 1400 has a pair of holding portions 1410 
and 1420 for holding the sample 1100 and an inserting 
member 1430 to be inserted into the cavity-containing 
layer 2 (2‘ and 2"). The pair of holding portions 1 41 0 and 
1420 hold the sample 1100. In this state, the inserting 
member 1430 having, e.g., a knife or wedge shape is 
inserted into the cavity-containing layer 2 of the sample 
1 1 00, thereby completely separating the sample 1 1 00. 
[ 0280 ] The holding portions 1410 and 1420 have 
chuck mechanisms (e.g., vacuum chuck mechanisms 
or electrostatic chuck mechanisms) 1411 and 1421 for 
chucking the sample 1100, respectively. 

[ 0281 ] A method of manufacturing a SOI substrate or 
the like using the above separating apparatus will be de- 
scribed next. Figs. 19A to 19E are sectional views for 
explaining steps in manufacturing an SOI substrate ac- 
cording to a preferred embodiment of the present inven- 
tion. 

[ 0282 ] In the step shown in Fig. 19A, a single-crystal 
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Si substrate is prepared as a first substrate 1 501 . In the 
step shown in Fig. 19B, the first substrate 1501 is proc- 
essed to form a substrate having a cavity-containing lay- 
er 1502 and a non-cavity-containing layer 1503 on the 
cavity-containing layer 1502. 

[ 0283 ] To form the cavity-containing layer 1502 and 
non -cavity-containing layer 1 503, the following methods 
can be used. 

(1) The first substrate 1501 is anodized to form a 
cavity-containing layer (porous layer) 1502, and a 
non-cavity-containing layer 1503 is formed on the 
cavity-containing layer 1502. 

(2) Ions of at least one element selected from a rare 
gas, hydrogen, and nitrogen are implanted into the 
first substrate 1501 to form an ion-implanted layer 
or a cavity-containing layer (microcavity layer) 
1502, and a layer on the cavity-containing layer 
1 502 is used as a non-cavity -containing layer 1 503. 

(3) The first substrate 1501 is anodized to form a 
cavity-containing layer (porous layer). In addition, 
ions of at least one element selected from a rare 
gas, hydrogen, and nitrogen into the first substrate 
1501 to form another cavity-containing layer (micro- 
cavity layer), thereby forming a cavity-containing 
layer 1502 having a multilayered structure. A non- 
cavity-containing layer 1 503 is formed on the cavity- 
containing layer 1502. 

[ 0284 ] As the non-cavity-containing layer 1503, for 
example, 1 ) a single-crystal Si layer, 2) a polysilicon lay- 
er, 3) an amorphous Si layer, 4) a metal film, 5) a com- 
pound semiconductor film, 6) a superconducting thin 
film, or 7) a layer containing a semiconductor element 
(e.g., a transistor, a light-emitting element, or a solar 
cell) is preferably used. 

[ 0285 ] In the step shown in Fig. 19B, an insulating lay- 
er (e.g., Si0 2 layer) 1504 is preferably formed on the 
non-cavity-containing layer 1503. With this insulating 
layer 1504, the active layer can be separated from the 
bonding interface. 

[ 0286 ] In method (1 ), i.e., the method of forming a cav- 
ity-containing layer by anodizing, the size or density of 
cavities in the cavity-containing layer 1502, or the po- 
rosity of the cavity-containing layer 1502 can be 
changed by changing conditions including the density 
and concentration of the impurity in the first substrate 
1501. When processing is performed a plurality of 
number of times while changing the anodizing condi- 
tions, a cavity-containing layer 1502 having a multilay- 
ered structure wherein the respective layers have differ- 
ent porosities can be obtained. 

[ 0287 ] When the cavity-containing layer 1 502 formed 
by method (2), i.e., ion implantation is observed with, e. 
g., a transmission electron microscope, the layer has a 
number of microcavities. The charged state of ions to 
be implanted is not particularly limited. The acceleration 
energy is set such that the projection range matches the 



depth to which ions are to be implanted. When the ion 
implantation dose is changed, the size or density of cav- 
ities to be formed can be changed. The implantation 
dose is preferably about 1 x 1 0 15 /cm 2 or more, and more 
5 preferably, 1 x 10 16 to 1 x 10 17 /cm 2 . To deepen the pro- 
jection range, channeling ion implantation can be used. 
After ion implantation, annealing is preferably per- 
formed as needed. 

[ 0288 ] In the step shown in Fig. 19C, the first sub- 
70 strate side (1 501 to 1 503 or 1 501 to 1 504) shown in Fig. 
19B is brought into tight contact with an independently 
prepared second substrate 1505 at room temperature 
to form a bonded substrate stack. After that, the bonding 
strength may be increased by anodic bonding, pressing, 
75 heating, or a combination thereof. 

[ 0289 ] As the second substrate 1 505, for example, 1 ) 
a single-crystal Si substrate, 2) a substrate having an 
insulating layer (e.g., Si0 2 layer) on a single-crystal Si 
substrate, 3) a transparent substrate (e.g., silica sub- 
20 strate), 4) a sapphire substrate, 5) a substrate formed 
from an insulating material, or 6) a resin substrate (e.g., 
a card having an 1C to form an 1C card) is preferably 
used. 

[ 0290 ] An insulating thin film may be inserted between 
25 the first substrate side (1501 to 1503 or 1501 to 1504) 
and the first substrate 1501 to form a three-layered 
structure. 

[0291 ] The end portions of the cavity-containing layer 
1 502 are preferably exposed to the outside by, after the 
30 process of bonding the two substrates (Fig. 1 9C), etch- 
ing (e.g., dry-etching or wet-etching) the non-cavity- 
containing layer 1503. Alternatively, in the process of 
forming a non-cavity-containing layer 1503 (Fig. 19B), 
a non-cavity-containing layer 1503 is formed not to cov- 
35 er the end portions of the first substrate 1 501 , or in the 
process of forming a cavity-containing layer 1502 (Fig. 
19B), a cavity-containing layer 1502 reaching the end 
portions of the first substrate 1501 is formed. 

[ 0292 ] In the step shown in Fig. 1 9D, the bonded sub- 
40 strate stack shown in Fig. 1 9C is set in the separating 
apparatus 1200 shown in Fig. 16 and separated by filling 
the enclosed space 1210 with a high-pressure fluid (first 
separation processing). As the fluid, either an inert gas 
such as Ar gas or N 2 gas, or a gas such as air, or a liquid 
45 such as water (e.g., pure water) can be used. 

[ 0293 ] If the bonded substrate stack is not completely 
separated by the first separation processing, the second 
separation processing is executed, as described above. 
[ 0294 ] In the step shown in Fig. 19E, the cavity-con- 
50 taining layer 1 502 remaining on the surface on the sec- 
ond substrate side (1503 to 1505 or 1503 and 1505) is 
selectively removed. When the non-cavity-containing 
layer 1503 is formed from a single-crystal Si layer, at 
least one etchant selected from a normal etchant for 
55 etching Si, hydrofluoric acid as an etchant for selectively 
etching porous Si, a mixed solution prepared by adding 
at least one of an alcohol and hydrogen peroxide to hy- 
drofluoric acid, buffered hydrofluoric acid, and a mixed 
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solution prepared by adding at least one of an alcohol 
and hydrogen peroxide to buffered hydrofluoric acid is 
used to remove only the cavity-containing layer 1 502 by 
electroless wet chemical etching. With this process, the 
non-cavity-containing layer 1503 (or 1503 and 1504) 
formed on the cavity-containing layer 1502 on the first 
substrate 1501 is left on the second substrate 1505. 
[ 0295 ] The cavity-containing layer 1502 has a large 
surface area. For this reason, when the cavity-contain- 
ing layer 1502 is formed from a single-crystal Si layer, 
and the underlying non-cavity-containing layer 1503 is 
also formed from a single-crystal Si layer, only the cav- 
ity-containing layer 1502 can be selectively etched us- 
ing a normal etchant for etching Si. Instead, the cavity- 
containing layer 1502 may be selectively polished, or 
only the cavity-containing layer may be accurately pol- 
ished by controlling the etching time. 

[ 0296 ] When the cavity-containing layer 1502 is 
formed from a single-crystal Si layer, and the underlying 
non-cavity-containing layer 1 503 is formed from a com- 
pound semiconductor layer, the cavity-containing layer 
1502 can be selectively etched using an etchant that 
etches single-crystal Si at a higher rate than the com- 
pound semiconductor. Instead, only the cavity-contain- 
ing layer 1502 may be selectively polished using the 
compound semiconductor layer as a polishing stopper, 
or only the cavity-containing layer 1502 may be accu- 
rately polished by controlling the etching time. 

[ 0297 ] If the cavity-containing layer 1502 is thin, for 
example, atoms of the substrate surface migrate upon 
annealing the bonded substrate stack in an atmosphere 
containing hydrogen, thereby burying the cavities in the 
substrate surface. As a consequence, the cavity-con- 
taining layer 1502 can be removed. 

[ 0298 ] Normally, after the cavity-containing layer is re- 
moved by etching, the substrate surface exposed by re- 
moving the cavity-containing layer is rough. Hence, for 
example, annealing in an atmosphere containing hydro- 
gen or surface planarization such as polishing is prefer- 
ably performed. 

[ 0299 ] According to this SOI substrate manufacturing 
method, a large-area substrate having aflat non-cavity- 
containing layer (e.g., a single-crystal Si layer) having a 
uniform thickness on the upper side can be formed. A 
substrate having a non-cavity-containing layer 1503 
formed from a single-crystal Si layer, and an insulating 
layer (e.g., Si0 2 layer) 1504 beneath the non-cavity- 
containing layer 1 503 is known as an SOI substrate. The 
insulating layer 1 504 need not always be formed on the 
non-cavity-containing layer 1503 on the first substrate 
1501. Instead, the insulating layer 1 504 may be formed 
on the second substrate 1 505 or on both of the non-cav- 
ity-containing layer 1503 and second substrate 1505. 
Consequently, the structure shown in Fig. 19C is ob- 
tained. Finally, a substrate having an insulating layer 
1504 under a non-cavity-containing layer 1503 can be 
formed. 

[ 0300 ] In the step shown in Fig. 19E, the cavity-con- 



taining layer 1 502 remaining on the first substrate 1 501 
is removed, and surface planarization is done as need- 
ed. The substrate can be reused as the first substrate 
1501 or second substrate 1505, or a substrate for an- 
5 other application purpose. As surface planarization, an- 
nealing in an atmosphere containing hydrogen or pol- 
ishing is preferable. 

[ 0301 ] Application examples of the separating appa- 
ratus 1200 will be described below. 

10 

[Application Example 1] 

[ 0302 ] A single-crystal Si substrate was prepared and 
anodized in an HF solution. A cavity-containing layer 
is (porous layer) was formed on the surface of the sub- 
strate. The anodizing conditions were as follows. 
Current density: 7 (mA-crrr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 11 (min) 

20 Thickness of porous Si layer: 12 (^im) 

[0303] A 10-jam thick single-crystal Si layer was epi- 
taxially grown on the porous Si layer by CVD (Chemical 
Vapor Deposition). The growth conditions were as fol- 
lows. At the early stage of epitaxial growth, the surface 
25 of the porous Si layer is exposed to the H 2 atmosphere. 
Forthis reason, cavities nearthe surface are buried, and 
the surface becomes flat. 

Source gas: SiH 2 CI 2 /H 2 
Gas flow rate: 0.5/180 (l/min) 

30 Gas pressure: 760 (Torr) 

Temperature: 1,000 (°C) 

Growth rate: 1 (|am/min) 

[ 0304 ] This substrate was set in the separating appa- 
ratus 1 200, and Ar gas at a high pressure of 900 kg/cm 2 
35 was injected (separation processing). After one hour, 
the pressure was reduced, and the substrate was ex- 
tracted from the separating apparatus 1200. With the 
above process, the substrate was separated at the po- 
rous Si layer, and a separated epitaxial layer having a 
40 thickness of 10 jam could be obtained. 

[ 0305 ] Before separation processing, when a mem- 
ber partially having holes is jointed or bonded to the sur- 
face side of the epitaxial layer, a membrane (thin film) 
or a cantilever structure to be used for a micromachine 
45 can be formed. With this structure, for example, an ac- 
celeration sensor or a surface detection sensor can be 
formed. 

[ 0306 ] Separation processing may be performed after 
a semiconductor circuit or a solar cell is formed on the 
50 epitaxial layer in advance. 

[Application Example 2] 

[ 0307 ] A 0. 3-jam thick single-crystal Si layer was epi- 
55 taxially grown on a single-crystal Si substrate by CVD 
(Chemical Vapor Deposition). The growth conditions 
were as follows. 

Source gas: SiH 2 CI 2 /H 2 
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Gas flow rate: 0.5/180 (l/min) 

Gas pressure: 80 (Torr) 

Temperature: 950 (°C) 

Growth rate: 0.3 (jam/min) 

[ 0308 ] A 200-nm thick Si0 2 layer was formed on the 
surface of the epitaxial layer by thermal oxidation. H ions 
were implanted through the Si0 2 layer on the surface at 
an acceleration energy of 40 keV and a dose of 5 x 16 
cm -2 to form a cavity-containing layer (microcavity lay- 
er). 

[ 0309 ] This substrate was set in the separating appa- 
ratus 1200, and water at a high pressure of 1,000 kg/ 
cm 2 was injected (separation processing). After one 
hour, the pressure was reduced, and the substrate was 
extracted from the separating apparatus 1 200. With the 
above process, the substrate was separated at the mi- 
crocavity layer, and a separated epitaxial layer having 
a thickness of 0.2 pm could be obtained. 

[ 0310 ] Before separation processing, when a mem- 
ber partially having holes is jointed or bonded to the sur- 
face side of the epitaxial layer, a membrane (thin film) 
or a cantilever structure to be used for a micromachine 
can be formed. With this structure, for example, an ac- 
celeration sensor or a surface detection sensor can be 
formed. 

[031 1 ] Separation processing may be performed after 
a semiconductor circuit or a solar cell is formed on the 
epitaxial layer in advance. 

[Application Example 3] 

[ 031 2 ] A single-crystal Si substrate was prepared and 
anodized in an HF solution. A cavity-containing layer 
(porous layer) having a multilayered structure formed 
from a plurality of layers with different porosities was 
formed on the surface of the substrate. The anodizing 
conditions were as follows. 

<First Anodizing Conditions> 

[ 0313 ] Current density: 7 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 11 (min) 

Thickness of porous Si layer: 12 (pm) 

<Second Anodizing Conditions> 

[ 0314 ] Current density: 21 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH =1:1:1 
Time: 2 (min) 

Thickness of porous Si layer: 3 (pm) 

[ 031 5 ] The porous layer formed under the second an- 
odizing conditions has a higher porosity than that of the 
porous layer formed under the first anodizing conditions. 
[ 031 6 ] This substrate was set in the separating appa- 
ratus 1 200, and water at a high pressure of 700 kg/cm 2 
was injected (separation processing). After 30 minutes, 
the pressure was reduced, and the substrate was ex- 



tracted from the separating apparatus 1200. With the 
above process, the substrate was separated near the 
interface between the first and second porous layers. 
[ 0317 ] Before separation processing, when a mem- 
5 ber partially having holes is jointed or bonded to the sur- 
face side of the epitaxial layer, a membrane (thin film) 
or a cantilever structure to be used for a micromachine 
can be formed. With this structure, for example, an ac- 
celeration sensor or a surface detection sensor can be 
io formed. 

[ 031 8 ] Separation processing may be performed after 
a semiconductor circuit or a solar cell is formed on the 
epitaxial layer in advance. 

is [Application Example 4] 

[ 031 9 ] A single-crystal Si substrate was prepared and 
anodized in an HF solution. A cavity-containing layer 
(porous layer) having a multilayered structure formed 
from a plurality of layers with different porosities was 
formed on the surface of the substrate. The anodizing 
conditions were as follows. 

< F i rst Anodizing Conditions> 

[ 0320 ] Current density: 7 (mA-cnrr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 11 (min) 

Thickness of porous Si layer: 12 (^im) 

<Second Anodizing Conditions> 

[ 0321 ] Current density: 10 (mA-cnrr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:2:2 
Time: 3 (min) 

Thickness of porous Si layer: 3 (|rm) 

cThird Anodizing Conditions> 

[ 0322 ] Current density: 7 (mA-cnrr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 1 (min) 

Thickness of porous Si layer: 1.1 (|Lim) 

[ 0323 ] The porous layer formed under the second an- 
odizing conditions has a higher porosity than that of the 
porous layerformed underthe first anodizing conditions. 

[ 0324 ] This substrate was set in the separating appa- 
ratus 1 200, and Ar gas at a high pressure of 700 kg/cm 2 
was injected (separation processing). After 30 minutes, 
the pressure was reduced, and the substrate was ex- 
tracted from the separating apparatus 1200. With the 
above process, the substrate was separated near the 
interface between the first and second porous layers, 
near the interface between the second and third porous 
layers, or in the second porous layer. 

[ 0325 ] Before separation processing, when a mem- 
ber partially having holes is jointed or bonded to the sur- 
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face side of the epitaxial layer, a membrane (thin film) 
or a cantilever structure to be used for a micromachine 
can be formed. With this structure, for example, an ac- 
celeration sensor or a surface detection sensor can be 
formed. 

[0326] Separation processing may be performed after 
a semiconductor circuit or a solar cell is formed on the 
epitaxial layer in advance. 

[Application Example 5] 

[0327] A single-crystal Si substrate (first substrate) 
was prepared and anodized under the anodizing condi- 
tions described in application example 1 , 3, or 4 to form 
a cavity-containing layer (porous Si layer) on the sub- 
strate surface. The substrate surface was oxidized in an 
oxygen atmosphere at 400° C for 1 hr, thereby forming 
a thermal oxide film on the inner walls of cavities in the 
porous Si layer. 

[0328] A 0.3-|LLm thick single-crystal Si layer was epi- 
taxially grown on the porous Si layer by CVD (Chemical 
Vapor Deposition). The growth conditions were as fol- 
lows. At the early stage of epitaxial growth, the surface 
of the porous Si layer is exposed to the H 2 atmosphere. 
For this reason, cavities near the surface are buried, and 
the surface becomes flat. 

Source gas: SiH 2 CI 2 /H 2 
Gas flow rate: 0.5/180 (l/min) 

Gas pressure: 80 (Torr) 

Temperature: 950 (°C) 

Growth rate: 0.3 (jum/min) 

[0329] A 200-nm thick Si0 2 layer was formed on the 
surface of the epitaxial layer by thermal oxidation. The 
surface of this Si0 2 layer and the surface of an inde- 
pendently prepared Si substrate (second substrate) 
were overlaid on and brought into contact with each oth- 
er. The resultant structure was annealed at 1 ,000°C for 
1 hr to form a bonded substrate stack. 

[0330] This bonded substrate stack was set in the 
separating apparatus 1200, and pure water at a high 
pressure of 900 kg/cm 2 was injected (separation 
processing). After 30 minutes, the pressure was re- 
duced, and the substrate was extracted from the sepa- 
rating apparatus 1200. With the above process, the 
bonded substrate stack was separated into two sub- 
strates at the porous layer. A porous Si layer formed us- 
ing a high current density breaks even under a relatively 
low-pressure environment. Even under a high-pressure 
environment, no problem is posed unless portions other 
than the porous layer break. When a number of bonded 
substrate stacks having different porous structures are 
to be batch-processed, a pressure capable of separat- 
ing a bonded substrate stack with the highest porous- 
layer intensity is selected. 

[0331] The porous Si layer remaining on the second 
substrate side was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid, 30% hydrogen peroxide, 
and water. The single-crystal Si layer functioned as an 



etching stopper. Only the porous Si layer was selectively 
etched and completely removed. 

[0332] The etching rate of non-porous single-crystal 
Si by the etchant is very low, and the selectivity ratio 
5 between the porous Si layer and the non-porous Si layer 
reaches 10 5 or more. A decrease in film thickness 
(about several ten angstrom) due to etching of the non- 
porous layer can be neglected in practical use. 

[0333] With the above process, a single-crystal Si lay- 
70 er having a thickness of 0.2 jluti could be formed on the 
Si oxide film. The film thickness of the single-crystal Si 
layer at that time was measured at 100 points on the 
entire surface. The film thickness uniformity was 201 nm 
± 4 nm. 

75 [0334] The resultant structure was annealed in a hy- 

drogen atmosphere at 1,100°C for 1 hr. The surface 
roughness of the single-crystal Si layer at that time was 
evaluated with an atomic force microscope. The root 
mean square roughness in a 50-jim square area was 
approximately 0.2 nm. This nearly equals that of a com- 
mercially available Si wafer. 

[0335] The section of the substrate formed following 
the above method was observed with a transmission 
electron microscope. No new crystal defects were found 
in the single-crystal Si layer; satisfactory crystallinity 
was maintained. 

[0336] The same result as described above can be 
obtained even when no oxide film is formed on the sur- 
face of the epitaxial Si layer. 

[0337] The porous Si layer remaining on the first sub- 
strate side may be selectively etched using a mixed so- 
lution of 49% hydrofluoric acid, 30% hydrogen peroxide, 
and water. At this time, the single-crystal Si layer func- 
tions as an etching stopper. Only the porous Si layer is 
selectively etched and completely removed. This sub- 
strate can be used as the first substrate in the anodizing 
process or as the second substrate in the bonding proc- 
ess. 

[0338] After the porous Si layer remaining on the first 
substrate side is selectively etched, the substrate may 
be annealed in hydrogen at 1 ,1 00°C for 1 hr to recover 
(planarize) the surface roughness (microroughness) 
due to microholes before reuse. However, when the 
substrate is to be reused as the first substrate, the above 
microroughness planarization is not always necessary. 
This is because the surface is planarized simultaneous- 
ly with sealing holes on the surface of the porous Si layer 
during prebaking in hydrogen at the early stage of epi- 
taxial growth. 

[0339] Instead of annealing in hydrogen, the micror- 
oughness due to microholes may be planarized by sur- 
face touch polishing. 

[Application Example 6] 

[0340] Application Example 5 was changed as fol- 
lows. 
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1) The thickness of the epitaxial Si layer: 2pm 

2) The thermal oxide film on the surface of the epi- 
taxial Si layer: 0.1 jLxm 

3) The second substrate: an Si substrate having a 

1 .9-pm thick Si0 2 layer 5 

4) Bonding: After the surfaces of two substrates 

were exposed to a nitrogen plasma ; the two sub- 
strate were rinsed in water, superposed, brought in- 
to contact with each other, and annealed at 400°C 
forlOhrs. io 

[Application Example 7] 

[ 0341 ] Application Example 5 were changed as fol- 
lows. is 

1 ) The second substrate: a silica substrate 

2) Bonding: After the surfaces of two substrates 
were exposed to a nitrogen plasma, the two sub- 
strate were rinsed in water, superposed, brought in- 20 
to contact with each other, and annealed at 200°C 

for 24 hrs. 

3) Annealing in hydrogen: the structure was further 

annealed in hydrogen at 970°C for 2 hrs (When the 
surface roughness was evaluated with an atomic 25 

force microscope, the mean square roughness in a 
50-pm square area was approximately 0.2 nm. This 
nearly equals that of a commercially available Si 
wafer). 

4) The separated substrate is reused as the first 30 
substrate. 

[Application Example 8] 

[ 0342 ] A single-crystal Si substrate was prepared and 35 

anodized in an HF solution. A cavity-containing layer 
(porous layer) having a multilayered structure formed 
from a plurality of layers with different porosities was 
formed on the surface of the substrate. The anodizing 
conditions were as follows. 40 

<First Anodizing Conditions> 

[ 0343 ] Current density: 7 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 45 

Time: 5 (min) 

Thickness of porous Si layer: 6 (pm) 

<Second Anodizing Conditions> 

50 

[ 0344 ] Current density: 30 (mA-cnr 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH =1:1:1 
Time: 110 (sec) 

Thickness of porous Si layer: 3 (pm) 

[ 0345 ] This substrate was oxidized in an oxygen at- 55 
mosphere at 400°C for 1 hr. Upon this oxidation, the in- 
ner walls of cavities in the porous Si layer were covered 
with thermal oxide films. A 1-pm thick single-crystal 



GaAs layer was epitaxially grown on the porous Si layer 
by CVD (Chemical Vapor Deposition). The growth con- 
ditions were as follows. 

Source gas: TMG/AsH 3 /H 2 
Gas pressure: 80 (Torr) 

Temperature: 700 (°C) 

[ 0346 ] The surface of the GaAs layer and the surface 
of an independently prepared Si substrate (second sub- 
strate) were overlaid on and brought into contact with 
each other to form a bonded substrate stack. This bond- 
ed substrate stack was set in the separating apparatus 
1200, and pure water at a high pressure of 900 kg/cm 2 
was injected. After 30 minutes, the pressure was re- 
duced, and the substrate was extracted from the sepa- 
rating apparatus 1200. With the above process, the 
bonded substrate stack was separated into two sub- 
strates at the porous layer and, more specifically, near 
the interface between the first and second porous Si lay- 
ers. 

[ 0347 ] The porous Si layer remaining on the second 
substrate side was etched using a mixed solution of eth- 
ylenediamine, pyrocatechol and water (ratio is 17 ml : 3 
g : 8 ml) at 110°C. The single-crystal GaAs layer func- 
tioned as an etching stopper. Only the porous Si layer 
was selectively etched and completely removed. 

[ 0348 ] The etching rate of non-porous single-crystal 
GaAs by the etchant is very low. A decrease in film thick- 
ness (about several ten angstrom) due to etching of the 
non-porous layer can be neglected in practical use. 
[ 0349 ] With the above process, a single-crystal GaAs 
layer having a thickness of 1 pm could be formed on the 
single-crystal Si layer. The film thickness of the single- 
crystal GaAs layer at that time was measured at 100 
points on the entire surface. The film thickness uniform- 
ity was 1 pm ± 29.8 nm. 

[ 0350 ] Section observation with a transmission elec- 
tron microscope revealed no new crystal defects in the 
GaAs layer, indicating that satisfactory crystallinity was 
maintained. 

[ 0351 ] When an Si substrate having an oxide film is 
used as the support substrate (second substrate), a 
substrate having a GaAs layer on the insulating film can 
be formed. 

[ 0352 ] The porous Si layer remaining on the first sub- 
strate side may be selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the single- 
crystal Si layer functions as an etching stopper. Only the 
porous Si layer is selectively etched and completely re- 
moved. This substrate can be used as the first substrate 
in the anodizing process or as the second substrate in 
the bonding process. 

[ 0353 ] After the porous Si layer remaining on the first 
substrate side is selectively etched, the substrate may 
be annealed in hydrogen at 1 ,1 00°C for 1 hr to recover 
(planarize) the surface roughness (microroughness) 
due to microholes before reuse. However, when the 
substrate is to be reused as the first substrate, the above 
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microroughness planarization is not always necessary. 
This is because the surface is planarized simultaneous- 
ly with sealing holes on the surface of the porous Si layer 
during prebaking in hydrogen at the early stage of epi- 
taxial growth. 

[ 0354 ] Instead of annealing in hydrogen, the micror- 
oughness due to microholes may be planarized by sur- 
face touch polishing. 

[Application Example 9] 

[ 0355 ] A single-crystal Si substrate was prepared as 
the first substrate and anodized in an HF solution. A cav- 
ity-containing layer (porous layer) having a multilayered 
structure formed from a plurality of layers with different 
porosities was formed on the surface of the substrate. 
The anodizing conditions were as follows. 

<First Anodizing Conditions> 

[ 0356 ] Current density: 7 (mA-cm' 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:1 
Time: 11 (min) 

Thickness of porous Si layer: 12 (jam) 

Porosity: ~ 24% 

<Second Anodizing Conditions> 

[ 0357 ] Current density: 10 (mA-cm' 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1 : 2 : 2 
Time: 3 (min) 

Thickness of porous Si layer: 3 (|am) 

Porosity: ~ 35% 

[ 0358 ] The porous layer formed under the second an- 
odizing conditions has a higher porosity than that of the 
porous layer formed under the first anodizing conditions. 
[ 0359 ] This substrate was oxidized in an oxygen at- 
mosphere at 400°C for 1 hr. Upon this oxidation, the in- 
ner walls of cavities in the porous Si layer were covered 
with thermal oxide films. A 1 -jam thick single-crystal InP 
layer was epitaxially grown on the porous Si layer by 
MOCVD (Metal Organic Chemical Vapor Deposition). 
[ 0360 ] The surface of the InP layer and the surface of 
an independently prepared silica substrate (second 
substrate) were exposed to a nitrogen plasma. After 
this, the substrates were overlaid on and brought into 
contact with each other, and were annealed at 200°C 
for 10 hrs to form a bonded substrate stack. 

[ 0361 ] This bonded substrate stack was set in the 
separating apparatus 1200, and pure water at a high 
pressure of 900 kg/cm 2 was injected. After 30 minutes, 
the pressure was reduced, and the substrate was ex- 
tracted from the separating apparatus 1200. With the 
above process, the bonded substrate stack was sepa- 
rated into two substrates at the porous layer and, more 
specifically, near the interface between the first and sec- 
ond porous Si layers. 

[ 0362 ] The porous Si layer remaining on the second 



substrate side was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the single- 
crystal InP layer functioned as an etching stopper. Only 
5 the porous Si layer was selectively etched and com- 
pletely removed. 

[ 0363 ] The etching rate of non-porous single-crystal 
InP by the etchant is very low. A decrease in film thick- 
ness (about several ten angstrom) due to etching of the 
io non-porous layer can be neglected in practical use. 
[ 0364 ] With the above process, a single-crystal InP 
layer having a thickness of 1 jam could be formed on the 
silica substrate. The film thickness of the single-crystal 
InP layer at that time was measured at 100 points on 
is the entire surface. The film thickness uniformity was 1 
jam ± 29.0 nm. 

[ 0365 ] Section observation with a transmission elec- 
tron microscope revealed no new crystal defects in the 
InP layer, demonstrating that satisfactory crystallinity 
was maintained. 

[ 0366 ] The porous Si layer remaining on the first sub- 
strate side may be selectively etched using a mixed so- 
lution of 49% hydrofluoric acid and 30% hydrogen per- 
oxide while stirring the solution. At this time, the single- 
crystal Si layer functions as an etching stopper. Only the 
porous Si layer is selectively etched and completely re- 
moved. This substrate can be used as the first substrate 
in the anodizing process. 

[ 0367 ] After the porous Si layer remaining on the first 
substrate side is selectively etched, the substrate may 
be annealed in hydrogen at 1 ,1 00°C for 1 hr to recover 
(planarize) the surface roughness (microroughness) 
due to microholes before reuse. However, when the 
substrate is to be reused as the first substrate, the above 
microroughness planarization is not always necessary. 
This is because the surface is planarized simultaneous- 
ly with sealing holes on the surface of the porous Si layer 
during prebaking in hydrogen at the early stage of epi- 
taxial growth. 

[ 0368 ] Instead of annealing in hydrogen, the micror- 
oughness due to microholes may be planarized by sur- 
face touch polishing. 

[Application Example 10] 

[ 0369 ] In, e.g., Application Example 1 , cavity-contain- 
ing layers (porous layers) may be formed on both sides 
of a single-crystal Si substrate. In this case, single-crys- 
tal Si layer are epitaxially grown on the cavity-containing 
layers. After this, this substrate is set in the separating 
apparatus 1200 and separated into three substrates at 
the two porous layers. 

[Application Example 11] 

[0370] A single-crystal Si substrate was prepared as 
the first substrate and anodized in an HF solution. A cav- 
ity-containing layer (porous layer) having a multilayered 
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structure formed from a plurality of layers with different 
porosities was formed on the surface of the substrate. 
The anodizing conditions were as follows. 

<First Anodizing Conditions> 

[0371] Current density: 1 (mA-cnrf 2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH = 1:1:2 
Time: 8 (min) 

<Second Anodizing Conditions> 

[0372] Current density: 7 (mA-cm -2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH =1:1:2 
Time: 8 (min) 

cThird Anodizing Conditions> 

[0373] Current density: 100 (mA-cm -2 ) 

Anodizing solution: HF : H 2 0 : C 2 H 5 OH =1:1:2 
Time: 0.1 (min) 

[0374] Under the third anodizing conditions, a porous 
layer is formed by anodizing in the porous layer formed 
under the second anodizing conditions. 

[0375] A 0.3-pm thick single-crystal Si layer was epi- 
taxially grown on the porous Si layer by CVD (Chemical 
Vapor Deposition). The growth conditions were as fol- 
lows. At the early stage of epitaxial growth, the surface 
of the porous Si layer is exposed to the H 2 atmosphere. 
Forthis reason, cavities near the surface are buried, and 
the surface becomes flat. 

Source gas: SiH 2 CI 2 /H 2 
Gas flow rate: 0.5/180 (l/min) 

Gas pressure: 80 (Torr) 

Temperature: 950 (°C) 

Growth rate: 0.3 (pm/m in) 

[0376] A 200-nm thick Si0 2 layer was formed on the 
surface of the epitaxial layer by thermal oxidation. The 
surface of the Si0 2 layer and the surface of an inde- 
pendently prepared Si substrate (second substrate) 
were overlaid on and brought into contact with each oth- 
er, and were annealed at 1 ,000°Cfor 1 hrtoform abond- 
ed substrate stack. 

[0377] This bonded substrate stack was set in the 
separating apparatus 1200, and pure water at a high 
pressure of 900 kg/cm 2 was injected. After 30 minutes, 
the pressure was reduced, and the substrate was ex- 
tracted from the separating apparatus 1200. With the 
above process, the bonded substrate stack was sepa- 
rated into two substrates at the porous layer. A porous 
Si layerformed using a high current density breaks even 
under a relatively low-pressure environment. Even un- 
der a high-pressure environment, no problem is posed 
unless portions otherthan the porous layer break. When 
a number of bonded substrate stacks having different 
porous structures are to be batch-processed, a pressure 
capable of separating a bonded substrate stack with the 
highest porous-layer intensity is selected. 



[0378] The porous Si layer remaining on the second 
substrate side was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid, 30% hydrogen peroxide, 
and water. The single-crystal Si layer functioned as an 
5 etching stopper. Only the porous Si layer was selectively 
etched and completely removed. 

[0379] The etching rate of non-porous single-crystal 
Si by the etchant is very low, and the selectivity ratio 
between the porous Si layer and the non-porous Si layer 
io reaches 1 0 or more. A decrease in film thickness (about 
several ten angstrom) due to etching the non-porous 
layer can be neglected in practical use. 

[0380] With the above process, a single-crystal Si lay- 
er having a thickness of 0.2 pm could be formed on the 
is Si oxide film. The film thickness of the single-crystal Si 
layer at that time was measured at 100 points on the 
entire surface. The film thickness uniformity was 201 nm 
± 4 nm. 

[0381] The resultant structure was annealed in a hy- 
drogen atmosphere at 1,100°C for 1 hr. The surface 
roughness of the single-crystal Si layer at that time was 
evaluated with an atomic force microscope. The mean 
square roughness in a 50-pm square area was approx- 
imately 0.2 nm. This nearly equals that of a commercial- 
ly available Si wafer. 

[0382] The section of the substrate formed following 
the above method was observed with a transmission 
electron microscope. No new crystal defects were found 
in the single-crystal Si layer; satisfactory crystallinity 
was maintained. 

[0383] The same result as described above can be 
obtained even when no oxide film is formed on the sur- 
face of the epitaxial Si layer. 

[0384] The porous Si layer remaining on the first sub- 
strate side may be selectively etched using a mixed so- 
lution of 49% hydrofluoric acid, 30% hydrogen peroxide, 
and water. At this time, the single-crystal Si layer func- 
tions as an etching stopper. Only the porous Si layer is 
selectively etched and completely removed. This sub- 
strate can be used as the first substrate in the anodizing 
process or as the second substrate in the bonding proc- 
ess. 

[0385] After the porous Si layer remaining on the first 
substrate side is selectively etched, the substrate may 
be annealed in hydrogen at 1 ,1 00°C for 1 hr to recover 
(planarize) the surface roughness (microroughness) 
due to microholes before reuse. However, when the 
substrate is to be reused as the first substrate, the above 
microroughness planarization is not always necessary. 
This is because the surface is planarized simultaneous- 
ly with sealing holes on the surface of the porous Si layer 
during prebaking in hydrogen at the early stage of epi- 
taxial growth. 

[0386] Instead of annealing in hydrogen, the micror- 
oughness due to microholes may be planarized by sur- 
face touch polishing. 
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[Application Example 12] 

[ 0387 ] In, e.g., Application Example 5, after forming 
the epitaxial layer, an element such as a transistor, ca- 
pacitor, diode, CMOS, 1C, or memory can be formed us- 
ing the epitaxial layer. The methods of forming these el- 
ements are well-known, and a detailed description 
thereof will be omitted. 

[ 0388 ] For example, a passivation insulating film was 
formed on the surface of the resultant element. This sub- 
strate was bonded to the second substrate to form a 
bonded substrate stack. To bond the substrates, an ad- 
hesive may be used, or the above bonding method may 
be used afterthe passivation insulatingfilm is planarized 
by, e.g., CMP (Chemical Mechanical Polishing). 

[ 0389 ] This bonded substrate stack was set in the 
separating apparatus 1200 and pure water at a high 
pressure of 900 kg/cm 2 was injected (separation 
processing). After 30 minutes, the pressure was re- 
duced, and the substrate was extracted from the sepa- 
rating apparatus 1200. With the above process, the 
bonded substrate stack was separated into two sub- 
strates at the porous layer. 

[ 0390 ] A porous Si layer formed using a high current 
density breaks even under a relatively low-pressure en- 
vironment. Even undera high-pressure environment, no 
problem is posed unless portions other than the porous 
layer break. When a number of bonded substrate stacks 
having different porous structures are to be batch-proc- 
essed, a pressure capable of separating a bonded sub- 
strate stack with the highest porous-layer intensity is se- 
lected. 

[ 0391 ] The porous Si layer remaining on the second 
substrate side was selectively etched using a mixed so- 
lution of 49% hydrofluoric acid, 30% hydrogen peroxide, 
and water. The single-crystal Si layer functioned as an 
etching stopper. Only the porous Si layer was selectively 
etched and completely removed. 

[ 0392 ] The etching rate of non-porous single-crystal 
Si by the etchant is very low, and the selectivity ratio 
between the porous Si layer and the non-porous Si layer 
reaches 10 5 or more. A decrease in film thickness 
(about several ten angstrom) due to etching of the non- 
porous layer can be neglected in practical use. 

[ 0393 ] As the second substrate, not only a semicon- 45 
ductor substrate or insulating substrate but also a resin 
substrate for an 1C card can be used. Fig. 20 is a view 
schematically showing the arrangement of an 1C card. 
Referring to Fig. 20, reference numeral 601 denotes an 
1C chip; 602, asolarcell; and 603, a resin substrate (card so 
main body). 

[ 0394 ] For example, an 1C is formed on the non-cav- 
ity-containing layer on the cavity-containing layer of the 
first substrate, and a passivation film is formed on the 
1C. This substrate is diced. A diced chip is bonded at a 55 
predetermined position on the resin substrate 603 as the 
second substrate. After this, the chip is separated at the 
cavity-containing layer by the separating apparatus 



1 200 to leave the 1C chip 601 on the resin substrate 603. 
[ 0395 ] In a similar way, a solar cell is formed on the 
non-cavity-containing layer on the cavity-containing lay- 
er of the first substrate, and a passivation film is formed 
s on the solar cell. This substrate is diced. The diced chip 
is bonded at a predetermined position on the resin sub- 
strate 603 as the second substrate. After this, the chip 
is separated at the cavity-containing layer by the sepa- 
rating apparatus 1 200 to leave the solar cell 602 on the 
io resin substrate 603. 

[ 0396 ] According to Application Example 12, a thin- 
film semiconductor chip or solar cell chip can be bonded 
to the resin substrate. Hence, the thickness of, e.g., an 
1C card 600 can be reduced. 

15 

[Application Example 1 3] 

[ 0397 ] To epitaxially grow a semiconductor layer on a 
porous Si layer, not only CVD but also e.g., MBE, sput- 
20 tering, or liquid phase growth may be employed. 

[ 0398 ] The selective etchant for the cavity-containing 
Si layer such as a porous Si layer is not limited to the 
mixed solution of hydrofluoric acid and hydrogen perox- 
ide. For example, a mixed solution of hydrofluoric acid 
25 and water, a mixed solution prepared by adding at least 
one of an alcohol and hydrogen peroxide to hydrofluoric 
acid and water, buffered hydrofluoric acid, a mixed so- 
lution prepared by adding at least one of an alcohol and 
hydrogen peroxide to buffered hydrofluoric acid, or a 
30 mixed solution of hydrofluoric acid, nitric acid, and acetic 
acid may be employed. This is because the cavity-con- 
taining Si layer such as a porous Si layer is easy to se- 
lectively etch due to its large surface area. 

[ 0399 ] Other processes also are not limited to the 
35 above application examples, either, and various chang- 
es and modifications can be made. 

[ 0400 ] According to the present invention, an appara- 
tus and method suitable to separate a member such as 
a bonded substrate stack can be provided. 

40 [ 0401 ] The present invention is not limited to the 

above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims are 
made. 



Claims 

1. A separating apparatus for separating a sample 
(101 ) having a separation layer (101 b) at the sepa- 
ration layer (101b), characterized by comprising: 
a pressure application mechanism (201 , 202, 
220) for applying a pressure of a fluid substantially 
standing still at least part of the separation layer 
(101b) to separate the sample (1 01 ) at the separa- 
tion layer (1 01 b). 
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2 . The apparatus according to claim 1 , characterized 
in that the separation layer (101b) extends across 
in the sample (101) and is exposed to an edge of 
the sample (101), and said pressure application 
mechanism (201 , 202 ; 220) applies the pressure of 
the fluid to the separation layer (101b) from at least 
part of the edge of the sample (101). 

3 . The apparatus according to claim 2, characterized 
in that said pressure application mechanism (201 , 
202, 220) has an enclosed space forming member 
(201 , 202) for surrounding at least part of a periph- 
eral portion of the sample (1 01 ) to form an enclosed 
space and applies a pressure higher than that of an 
external space to the enclosed space. 

4 . The apparatus according to claim 3, characterized 
in that said enclosed space forming member (201 , 
202) has a structure which allows the sample (1 01 ) 
to expand near a central portion due to the pressure 
of the fluid injected into the sample (101) while 
breaking the separation layer (101b). 

5 . The apparatus according to claim 4, characterized 
by further comprising a limiting member (301 , 302) 
for limiting the expansion amount near the central 
portion of the sample (101 ). 

6. The apparatus according to any one of claims 3 to 
5, characterized in that the sample (1 01 ) has a disk 
shape, and said enclosed space forming member 

(201 , 202) forms the enclosed space around the en- 
tire peripheral portion of the sample (101). 

7 . The apparatus according to 6, characterized in that 
said enclosed space forming member (201 ; 202) 
has an annular shape. 

8. The apparatus according to any one of claims 3 to 
5, characterized in that said enclosed space form- 
ing member comprises a pair of support members 

(201 , 202) for sandwiching the peripheral portion of 
the sample from both sides and supporting the sam- 
ple, and the enclosed space is formed around the 
entire peripheral portion of the sample (101) while 
the sample (101) is supported by said pair of sup- 
port members (201, 202). 

9 . The apparatus according to claim 8, characterized 
in that each of said pair of support members (201 , 
202) has a sealing member (203, 204) along the 
edge of the sample. 

10. The apparatus according to claim 9, characterized 
in that the sample (101) has a disk shape, and said 
sealing member (203, 204) has an annular shape. 

11. The apparatus according to claim 9 or 10 charac- 



terized in that each of said pair of support members 

(201 , 202) has an annular shape. 

12 . The apparatus according to claim 2, characterized 

5 in that said pressure application mechanism com- 

prises a pair of support members (301, 302) for 
sandwiching the sample (101 ) from both sides and 
supporting the sample, each of said support mem- 
bers having a sealing member (303, 304) located 

io along the edge of the sample to form an enclosed 
space around a peripheral portion of the sample 
(101), and said pressure application mechanism 
applies a pressure higher than that of an external 
space to the enclosed space. 

15 

1 3. The apparatus according to claim 1 2, characterized 
in that each of said pair of support members (301 , 
302) has a structure (301a, 302a) for connecting a 
space formed inside said sealing member (303, 

20 304) to the external space while supporting the 

sample (101). 

1 4. The apparatus according to claim 1 3, characterized 
in that each of said pair of support members (301 , 

25 302) comprises a plate member for covering both 

the sides of the sample (101) while supporting the 
sample (101), said plate member having a through 
hole. 

30 15. The apparatus according to any one of claims 3 to 

14, characterized in that said pressure application 
mechanism (201, 202) has an injection portion 
(208) for injecting the fluid into the enclosed space 
(210). 

35 

16. The apparatus according to any one of claims 1 to 

15, characterized in that said pressure application 
mechanism (201, 202) has a pressure adjustment 
mechanism (220) for adjusting the pressure to be 

40 applied to the separation layer (101b). 

1 7. The apparatus according to claim 1 6, characterized 
in that said pressure adjustment mechanism (220) 
gradually or stepwise reduces the pressure to be 

45 applied to the separation layer (101b) to separate 
the sample (101). 

18. The apparatus according to any one of claims 1 to 

17, characterized in that the fluid is water. 

50 

19. The apparatus according to any one of claims 1 to 

1 8, characterized in that the separation layer (1 01 b) 
is a layer (12) having a fragile structure. 

55 20 . The apparatus according to any one of claims 1 to 

1 8, characterized in that the separation layer (1 01 b) 
is a porous layer (12). 
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21 . The apparatus according to any one of claims 1 to 
1 8 , characterized in that the separation layer (1 01 b) 
is a layer (12) having microcavities. 

22 . The apparatus according to claim 21 , characterized 
in that the microcavities are formed by ion implan- 
tation. 

23 . The apparatus according to any one of claims 1 to 
22, characterized in that the sample (101) has, at 
the edge, a groove having a substantially V-shaped 
section. 

24 . A separating method of separating a sample ( 1 01 ) 
having a separation layer (101b) at the separation 
layer (101b), characterized by comprising: 

the separation step of applying a pressure of 
a fluid substantially standing still at least part of the 
separation layer (101b) to separate the sample 
(101) at the separation layer (101b). 

25 . The method according to claim 24 , characterized in 
that the separation layer (101b) extends across in 
the sample (101) and is exposed to an edge of the 
sample, and the separation step comprises apply- 
ing the pressure of the fluid to the separation layer 
(101b) from at least part of the edge of the sample 
(101). 

26 . The method according to claim 25 , characterized in 
that the separation step comprises forming an en- 
closed space (210) by surrounding at least part of 
a peripheral portion of the sample (101), filling the 
enclosed space (210) with the fluid, and applying a 
pressure higher than that of an external space to 
the fluid. 

27 . The method according to claim 26 , characterized in 
that the separation step comprises separating the 
sample (1 01 ), while allowing the sample (101 ) to ex- 
pand near a central portion due to the pressure of 
the fluid which is injected into the sample (101 ) and 
breaks the separation layer (101b) and limiting the 
expansion amount. 

28 . The method according to claim 26 or 27 , character- 
ized in that the sample (101) has a disk shape, and 
the separation step comprises forming the enclosed 
space around the entire peripheral portion of the 
sample and applying the pressure higher than that 
of the external space to the enclosed space. 

29 . The method according to any one of claims 24 to 
28 , characterized in that the separation step com- 
prises separating the sample (101 ) while changing 
the pressure to be applied to the separation layer. 

30 . The method according to any one of claims 24 to 



28 , characterized in that the separation step com- 
prises separating the sample (101) while gradually 
or stepwise reducing the pressure to be applied to 
the separation layer (101b). 

5 

31 . The method according to any one of claims 26 to 
28 , characterized in that the separation step com- 
prises separating the sample while changing the 
pressure to be applied to the fluid in the enclosed 

io space (210). 

32 . The method according to any one of claims 26 to 
28 , characterized in that the separation step com- 
prises separating the sample (101) while gradually 

is or stepwise reducing the pressure to be applied to 
the fluid in the enclosed space (210). 

33 . The method according to any one of claims 24 to 

32 , characterized in that the fluid is water. 

20 

34 . The method according to any one of claims 24 to 

33 , characterized in that the separation layer (1 01 b) 
is a layer (12) having a fragile structure. 

25 35. The method according to any one of claims 24 to 

33 , characterized in that the separation layer (1 01 b) 
is a porous layer (12). 

36 . The method according to any one of claims 24 to 

30 33, characterized in that the separation layer (1 01 b) 

is a layer (12) having microcavities. 

37 . The method according to claim 36 , characterized in 
that the microcavities are formed by ion implanta- 

35 tion. 

38 . The method according to any one of claims 24 to 
37 , characterized in that the sample ( 101 ) has, at 
the edge, a groove having a substantially V-shaped 

40 section. 

39 . A semiconductor substrate separated by the sepa- 

rating method of any one of claims 24 to 38 . 

45 40 . A method of manufacturing a semiconductor sub- 

strate, characterized by comprising: 

the first step of forming a first substrate (10) 
having a separation layer (12) and, on the sep- 

so aration layer, a semiconductor layer ( 1 3 ) to be 

transferred to onto a second substrate (20) lat- 
er; 

the second step of bonding the first substrate 
(1 0) to the second substrate (20) via the semi- 

55 conductor layer ( 1 3 ) to form a bonded substrate 

stack; and 

the third step of separating the bonded sub- 
strate stack at the separation layer (12) by the 
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separating method of any one of claims 24 to 
33 to transfer the semiconductor layer (13) from 
the first substrate ( 10 ) to the second substrate 
( 20 ). 

41 . The method according to claim 40, characterized in 
that the separation layer ( 12 ) is a porous layer. 

42 . The method according to claim 41 , characterized in 
that the porous layer ( 12 ) comprises a plurality of 
layers having different porosities. 

43 . The method according to claim 41 or 42, character- 
ized in that the first step comprises using an Si sub- 
strate as a material of the first substrate ( 10 ) and 
anodizing the Si substrate to form the porous layer 
( 12 ). 

44 . The method according to claim 43, characterized in 
that the first step comprises forming, as the semi- 
conductor layer (1 3), a single-crystal Si layer on the 
porous layer ( 12 ) by epitaxial growth. 

45 . The method according to claim 44, characterized in 
that the first step comprises further forming an in- 
sulating layer (1 5) on the single-crystal Si layer (1 3). 

46 . The method according to claim 45, characterized in 
that the insulating layer (15) is formed by oxidizing 
a surface of the single-crystal Si layer (1 3). 

47 . The method according to any one of claims 40 to 
46, characterized in that the second substrate (20) 
is an Si substrate. 

48 . The method according to any one of claims 40 to 
46, characterized in that the second substrate (20) 
is a transparent substrate. 

49 . The method according to claim 40, characterized in 
that the separation layer ( 12 ) is a layer having mi- 
crocavities. 

50 . The method according to claim 49, characterized in 
that the microcavities are formed by ion implanta- 
tion. 

51 . A separating method of separating a sample (1 1 00) 
having a cavity-containing layer ( 2 ) with a number 
of cavities at the cavity-containing layer ( 2 ), char- 
acterized by comprising: 

the storing step of storing the sample ( 11 00 ) in 
a closed vessel ( 1201 ); and 
the separation step of setting an internal space 
of said closed vessel ( 1 201 ) at a high pressure 
to break cavity walls in the cavity-containing 
layer ( 2 ) and separate at least part of the sam- 



ple ( 1100 ) at the cavity-containing layer ( 2 ). 

52 . The method according to claim 51 , characterized in 
that the separation step comprises applying a pres- 

5 sure into said closed vessel ( 1201 ) such that the 

cavity walls break due to a pressure difference be- 
tween a pressure in the cavity and that in said 
closed vessel ( 1201 ). 

io 53 . The method according to claim 51, characterized 
by further comprising the final separation step of 
breaking the cavity-containing layer remaining after 
the separation step as an unseparated region to 
completely separate the sample ( 1100 ). 

15 

54 . The method according to claim 53, characterized in 
that the final separation step comprises applying a 
vibration energy (1250) to the sample (1100) to 
breakthe cavity-containing layer ( 2 ) remaining after 

20 the separation step as the unseparated region. 

55 . The method according to claim 53 or 54, character- 
ized in that the final separation step is executed 
while the sample ( 1100 ) is being stored in said 

25 closed vessel ( 1201 ). 

56 . The method according to claim 53, characterized in 
that the final separation step comprises applying a 
press force (1310, 1320) to the sample (1100) to 

30 breakthe cavity-containing layer ( 2 ) remaining after 

the separation step as the unseparated region. 

57 . The method according to claim 53, characterized in 
that the final separation step comprises applying a 

35 tensile force (1310, 1320) to the sample (1100) to 
breakthe cavity-containing layer ( 2 ) remaining after 
the separation step as the unseparated region. 

58 . The method according to claim 53, characterized in 

40 that the final separation step comprises applying a 

force (1430) to the sample (1 1 00) in a direction par- 
allel to the cavity-containing layer ( 2 ) to break the 
cavity-containing layer ( 2 ) remaining after the sep- 
aration step as the unseparated region. 

45 

59 . The method according to claim 53, characterized in 
that the final separation step comprises inserting a 
member into the cavity-containing layer ( 2 ) to break 
the cavity-containing layer ( 2 ) remaining after the 

30 separation step as the unseparated region. 

60 . The method according to claim 53, characterized in 
that the final separation step comprises soaking the 
cavity-containing layer ( 2 ) with a liquid and heating 

35 the liquid. 

61 . The method according to claim 53, characterized in 
that the final separation step comprises soaking the 
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cavity-containing layer (2) with a liquid and cooling 
the liquid. 

62 . The method according to claim 53, characterized in 
that the final separation step comprises soaking the 
cavity-containing layer (2) with a substance of liquid 
condition and expanding the volume of the sub- 
stance. 

63 . The method according to claim 53, characterized in 
that the final separation step comprises ejecting a 
stream of a fluid toward a gap in the sample (11 00), 
which is formed in the separation step, to break the 
cavity-containing layer (2) remaining after the sep- 
aration step as the unseparated region. 

64 . The method according to any one of claims 51 to 
63, characterized in that the cavity-containing layer 
(2) is a porous layer. 

65 . The method according to any one of claims 51 to 
63, characterized in that the cavity-containing layer 
(2) is a porous layer formed by anodizing. 

66. The method according to any one of claims 51 to 
63, characterized in that the cavity-containing layer 
(2) is a microcavity layer having bubble-like micro- 
cavities. 

67 . The method according to any one of claims 51 to 
63, characterized in that the cavity-containing layer 
(2) is a microcavity layer having bubble-like micro- 
cavities formed by ion implantation. 

68. The method according to any one of claims 51 to 
67, characterized in that the sample (1100) is 
formed by bonding a first plate member (10) having 
the cavity-containing layer to a second plate mem- 
ber (20). 

69 . A separating apparatus for separating a sample 
(1100) having a cavity-containing layer (2) with a 
number of cavities at the cavity-containing layer (2), 
characterized by comprising: 

a vessel (1201) for storing the sample (1100); 
and 

an injection portion (1207) for injecting a high- 
pressure fluid into said vessel (1201) to break 
cavity walls in the cavity-containing layer with 
the pressure of the fluid and separate at least 
part of the sample (11 00) at the cavity-contain- 
ing layer (2). 

70 . The apparatus according to claim 69, characterized 
by further comprising a vibration source (1250) for 
supplying a vibration energy into said vessel (1201). 



71 . A method of manufacturing a substrate, character- 
ized by comprising: 

the step of forming a first substrate (1501 - 
5 1504) having a cavity-containing layer (1502) 

with a number of cavities and, on the cavity- 
containing layer, a non-cavity-containing layer 
(1503); 

the bonding step of bonding the first substrate 
io (1501 - 1504) and an independently prepared 

second substrate (1505) via the non-cavity- 
containing layer (1503) to form a bonded sub- 
strate stack; 

the separation step of storing the bonded sub- 
15 strate stack in a closed vessel (1 201 ) and set- 

ting an internal space of said closed vessel 
(1 201 ) at a high pressure to break cavity walls 
in the cavity-containing layer (1502) and sepa- 
rate at least part of the bonded substrate stack 
20 at the cavity-containing layer (1502). 

72 . The method according to claim 71 , characterized in 
that the separation step comprises applying a pres- 
sure into said closed vessel (1201) such that the 

25 cavity walls break due to a pressure difference be- 
tween a pressure in the cavity and that in said 
closed vessel (1201 ). 

73 . The method according to claim 71, characterized 
30 by further comprising the final separation step of 

breaking the cavity-containing layer (1 502) remain- 
ing after the separation step as an unseparated re- 
gion to completely separate the bonded substrate 
stack. 

35 

74 . The method according to claim 73, characterized in 
that the final separation step comprises applying a 
vibration energy to the bonded substrate stack to 
break the cavity-containing layer (1502) remaining 

40 after the separation step as the unseparated region. 

75 . The method according to claim 73 or 74, character- 
ized in that the final separation step is executed 
while the bonded substrate stack is being stored in 

45 said closed vessel (1 201 ). 

76 . The method according to claim 73, characterized in 
that the final separation step comprises applying a 
press force to the bonded substrate stack to break 

50 the cavity-containing layer (1502) remaining after 
the separation step as the unseparated region. 

77 . The method according to claim 73, characterized in 
that the final separation step comprises applying a 

55 tensile force to the bonded substrate stack to break 
the cavity-containing layer (1502) remaining after 
the separation step as the unseparated region. 
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78 . The method according to claim 73, characterized in 
that the final separation step comprises applying a 
force to the bonded substrate stack in a direction 
parallel to the cavity-containing layer (1502) to 
break the cavity-containing layer (1502) remaining 
after the separation step as the unseparated region. 

79 . The method according to claim 73, characterized in 
that the final separation step comprises soaking the 
cavity-containing layer (1502) with a liquid and 
heating or cooling the liquid. 

80 . The method according to claim 73, characterized in 
that the final separation step comprises ejecting a 
stream of a fluid toward a gap in the bonded sub- 
strate stack, which is formed in the separation step, 
to break the cavity-containing layer (1502) remain- 
ing after the separation step as the unseparated re- 
gion. 

81 . The method according to any one of claims 71 to 
80, characterized in that the cavity-containing layer 
(1502) is a porous layer. 

82 . The method according to any one of claims 71 to 
80, characterized in that the cavity-containing layer 
(1502) is a porous layer formed by anodizing. 

83 . The method according to any one of claims 71 to 
80, characterized in that the cavity-containing layer 
(1502) is a microcavity layer having bubble-like mi- 
crocavities. 

84 . The method according to any one of claims 71 to 
80, characterized in that the cavity-containing layer 
(1502) is a microcavity layer having bubble-like mi- 
crocavities formed by ion implantation. 

85 . The method according to any one of claims 71 to 
80, characterized in that the non-cavity-containing 
layer (1503) includes an Si layer. 

86. The method according to any one of claims 71 to 
80, characterized in that the non-cavity-containing 
layer (1503, 1 504) is an Si layer having an insulating 
layer on a surface. 

87 . The method according to claim 86, characterized in 
that the insulating layer (1504) is an Si oxide layer. 

88. The method according to any one of claims 85 to 
87, characterized in that the Si layer (1 503) is a sin- 
gle-crystal Si layer. 

89 . The method according to any one of claims 71 to 
80, characterized in that the non-cavity-containing 
layer (1503) is a compound semiconductor layer. 



90 . The method according to any one of claims 71 to 
80, characterized in that the non-cavity-containing 
layer (1503, 1504) is a compound semiconductor 
layer having an insulating layer on a surface. 

5 

91 . The method according to any one of claims 71 to 
80, characterized in that the non-cavity-containing 
layer (1503) is a layer including a semiconductor el- 
ement. 

10 

92 . The method according to any one of claims 71 to 

91 , characterized in that the first substrate is a sin- 
gle-crystal Si substrate. 

is 93 . The method according to any one of claims 71 to 

92, characterized in that the second substrate is a 
single-crystal Si substrate. 

94 . The method according to any one of claims 71 to 

20 92, characterized in that the second substrate is a 

single-crystal Si substrate having an Si oxide layer 
on a surface. 

95 . The method according to any one of claims 71 to 

25 92, characterized in that the second substrate is a 

transparent substrate. 

96 . The method according to any one of claims 71 to 
92, characterized in that the second substrate is a 

30 resin substrate. 

97 . The method according to any one of claims 71 to 
92, characterized in that the second substrate is a 
substrate as a main body of an 1C card. 

35 

98 . The method according to any one of claims 71 to 

97, characterized in that the bonding step compris- 
es one of the anodic bonding step, the pressing 
step, the heating step, and a combination thereof. 

40 

99 . The method according to any one of claims 71 to 

98, characterized by further comprising the remov- 
ing step of, after the bonded substrate stack is com- 
pletely separated, removing the cavity-containing 

45 layer remaining on the second substrate. 

1 00. The method according to claim 99, characterized in 
that the removing step comprises the etching step. 

50 i oi .The method according to claim 99, characterized in 
that the removing step comprises the polishing 
step. 

102 . The method according to any one of claims 71 to 
55 101, characterized by further comprising, after the 

removing step, the planarization step of planarizing 
a surface of the non-cavity-containing layer on the 
second substrate. 
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103. The method according to claim 102, characterized 
in that the planarization step comprises the polish- 
ing step. 

104. The method according to claim 102, characterized s 
in that the planarization step comprises annealing 

in an atmosphere containing hydrogen. 

105. The method according to any one of claims 71 to 
104, characterized by further comprising the step io 
of, after the bonded substrate stack is completely 
separated, removing the cavity-containing layer re- 
maining on the first substrate to allow reuse of the 
substrate. 

15 

106. A substrate characterized in that the substrate is 

obtained by forming a first substrate (1501 - 1504) 
having a cavity-containing layer (1502) with a 
number of cavities and, on the cavity-containing lay- 
er, a non-cavity-containing layer (1503, 1504), 20 

bonding the first substrate (1 501 - 1 504) and an in- 
dependently prepared second substrate (1505) via 

the non-cavity-containing layer (1 503, 1 504) to form 
a bonded substrate stack, storing the bonded sub- 
strate stack in a closed vessel (1201) and setting 25 
an internal space of said closed vessel (1 201 ) at a 
high pressure to breakcavity walls in the cavity -con- 
taining layer (1 502) and separate at least part of the 
bonded substrate stack at the cavity-containing lay- 
er (1502). 30 
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